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General Information 


SECTION I 

GENERAL INFORMATION 


1-1. INTRODUCTION. 

1-2. This Operating and Service Manual contains 
information required to install, operate, test, and service 

+ IT n-i-4- Do olr o o/1 ol 1 d A T o o Anolyrjnv* 

I/I1C UCWICIL'i CU-IVCHU. J.TXl_M_XOX iUlUIl X-JVXgXV, 1 XXXCXij . 

1-3. SPECIFICATIONS. 

1-4. Instrument specifications are listed in table 1-1. 
These specifications are the performance standards or 
limits against which the instrument is tested. Table 1-2 
lists supplemental characteristics, not specifications 
but typical characteristics included as additional infor¬ 
mation for the user. 


1-5. INSTRUMENTS COVERED BY THIS 
MANUAL. 

1-6. Attached to the instrument is a serial number tag. 
The serial number is in the form: OOOOAOOOOO. It is in 
two parts; the first four digits and the letter are the serial 
prefix and the last five digits are the suffix. The prefix is 
the same for all identical instruments. The suffix, how¬ 
ever, is assigned sequentially and is different for each 
instrument. The contents of this manual apply to instru¬ 
ments with the serial number prefix(es) listed under 
SERIAL NUMBERS on the title page. 

1-7. An instrument manufactured after the printing of 
this manual may have a serial number prefix that is not 
listed on the title page. This unlisted serial number 
prefix indicates the instrument is different from those 
described in this manual. The manual for this newer 
instrument is accompanied by a Manual Changes sup¬ 
plement. This supplement contains “change informa¬ 
tion” that explains how to adapt the manual to the 
newer instrument. 

1-8. In addition to change data, the supplement con¬ 
tains information for correcting errors in the manual. 
To keep this manual as current and accurate as possi¬ 
ble, Hewlett-Packard recommends that you periodically 
request the latest Manual Changes supplement. The 
supplement for this manual is identified with the man¬ 
ual print date and part number, both of which appear on 
the manual title page. Complimentary copies of the sup¬ 
plement are available from Hewlett-Packard. 

1-9. For information concerning a serial number 
prefix that is not listed on the title page or in the Manual 
Change supplement, contact your nearest Hewlett- 
Packard Office. 


1-10. DESCRIPTION. 

1-11. The Hewlett-Packard Model 1615A Logic Ana¬ 
lyzer offers asynchronous timing diagram measure- 

mrmfo on/1 ciofo mnciQin’flmnnlo fm* nca m 

UlV/llUO U11U Dj 11V111 v/aiv/ UO DI/UUV 1U VUO Ul VlltVlI VU /Ui UtJV ill 

the design and troubleshooting of digital systems. Pow¬ 
erful triggering capability, six clock qualifiers, sophisti¬ 
cated delay, occurrence counting, and 256 words of 
memory assure that the desired timing and state infor¬ 
mation will be captured. 

1-12. Measurement setups are simplified with a menu 
system which reduces the number and complexity of 
front panel keys. With the format specification menu, 
you select the desired mode of operation: timing, state, 
or simultaneous dual-mode operation. The correspond¬ 
ing trace specification menus then allow you to enter the 
desired triggering and data parameters. 

1-13. MODES OF OPERATION. 

1-14. The 1615A offers three basic operating modes: 24- 
bit state, 8-bit timing, and simultaneous 16-bit state 
with 8-bit timing. The purpose and use of each of these 
three modes is described in the following paragraphs. 

1-15. 24-BIT STATE MODE. 

1-16. In this mode, 256 words of parallel, synchronous 
data up to 24 bits wide can be accumulated into memory. 
The bits can be grouped by keyboard selection, and the 
display of data from each group can be individually 
read out in either binary, octal, decimal, or hexidecimal 
formats. Any pattern of the 24 inputs can be established 
as the trigger point. Part of the trigger pattern can be 
“don’t cares” to establish a range of triggers. 

1-17. 8-BIT TIMING MODE. 

1-18. In this mode, asynchronous data is clocked into 
memory. The clock rate for data acquisition can be 
selected in a 1, 2.5, 5 sequence from 50 ns to 500 ms per 
clock period. On the timing diagram, the clock period is 
displayed on screen along with the related horizontal 
time scale. The time between any two samples in 
memory is displayed in a direct readout on the CRT. 

1-19. The eight lines on pod 1 are the only active lines 
in the eight-bit timing mode. The displayed channels 
can be ordered in any arrangement by keyboard selec¬ 
tion. The memory in this mode is eight bits wide, 256 
words deep. Glitches are displayed as bright vertical 
bars along each separate channel. 
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1-20. The trigger point is shown by a set of shurt, verti¬ 
cal lines from top to bottom on the display. Up to three 
ORed patterns of the 8 bits (along with don’t cares) can 
be established as the trigger requirement, or the Boo¬ 
lean NOT of a particular pattern can be selected (this 
allows triggering on a fault in a status word). Since the 
trigger pattern is truly asynchronous, transient states 
can provide false triggers. To avoid triggering on a false 
pattern, the duration of the trigger pattern is selectable 
between 15 ns and 2000 ns. Glitch occurrences on any 
input line may be added to the trigger requirements. An 
external trigger line can also be connected through the 
clock pod. Either time delay or external clock delay can 
be added to the trigger specification, if desired. 

1-21. 16-BIT AND 8-BIT MODE. 

1-22. In this mode, eight bits of asynchronous timing 
data is captured at the same time that 16 bits of synchro¬ 
nous state data is captured. The logic analyzer can cap¬ 
ture timing sequences that occur before or after a 
particular state, or state sequences occurring before or 
after a timing event. This measurement allows correla¬ 
tion of activity on control lines, address decoder out¬ 
puts, and asynchronous I/O structures with specific 
states in program flow. 

1-23. Four instrument triggering arrangements are 
available in the 16-bit and 8-bit mode of operation: 16 bit 
arms or triggers 8 bit, and 8 bit arms or triggers 16 bit. If 
8 bit triggers 16 bit is selected, the 1615A captures data 
as soon as the asynchronous event is recognized. This 
enables observation of state information related to a 
timing event such as an interrupt or glitch. By selecting 
8 bit arms 16 bit, the 1615 A will capture data at a spe¬ 
cific point in program flow, but only after a particular 
asynchronous event has occurred, such as a service 
request. 

1-24. The 16 bit arms or triggers 8 bit specification 
allows the capture and display of timing information 
related to a particular point in program flow. This can 
be used to look at the conditions of lines on an input port 
for a short time prior to reading the port to ensure that 
data is valid. By using the end-display mode, the timing 
information can be captured prior to the reading of the 
port. 

1-25. ACCESSORIES SUPPLIED. 

1-26. The following accessories are supplied with the 
1615A: 

Four 8-bit probes (HP Model 10248B) with leads 

and tips (three for data, one for clock, qualifiers, 

and external trigger) 

One 2.3 m (7.5 ft) power cord (refer to Section II) 

One extender board (HP Part No. 01615-66512) 

installed inside 1615A instrument. 
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1-27. RECOMMENDED TEST EQUIPMENT. 

1-28. Equipment required to maintain the Model 
1615A is listed in table 1-3. Other equipment may be sub¬ 
stituted if it meets or exceeds the cHtical specifications 
listed in the table. 

Table 1-1. Specifications 


CLOCK, QUALIFIER, AND DATA INPUTS 

REPETITION RATE: to 20 MHz. 

INPUT RC: 50 kfl shunted by <14 pF at the probe tip. 

INPUT THRESHOLD: TTL, fixed at approx 1.5 V; 
variable ±10 Vdc. 

MAXIMUM INPUT: 15 V to 15 V. 

MINIMUM INPUT 

Swing: 0.6 V. 

Clock Pulse Width: 20 ns at threshold level. 

Setup time: time data must be present prior to clock 
transition 20 ns. 

Hold Time: time data must be present after clock tran¬ 
sition, zero. 

ASYNCHRONOUS OPERATION 

SAMPLE RATE: 2 Hz to 20 MHz. 

DATA SKEW: 9 ns maximum. 

MINIMUM DETECTABLE GLITCH: 5 ns width and 
exceeding threshold by 30% of ac swing or 250 mV, 
whichever is greater. 

GLITCH TRIGGER: on any selected channels), if a 
glitch is captured, the glitch is AND’d with the 
asynchronous pattern trigger. 

EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum 
with 30% peak overdrive or 250 mV whichever is 
greater. 

PATTERN TRIGGER: any 8-bit pattern. Trigger dura¬ 
tion required is selectable 15,50,100,200,500,1000, 
or 2000 ns ±15 ns or 15% whichever is greater. 


TRIGGER OUTPUTS (Rear Panel) 

16/24 BIT TRIGGER OUTPUT 

Level: high, 5=2 V into 50A; low, <0.4 V into 50fl. 

Pulse Duration: approx 25 ns. 

Delay from Input Clock: approx 85 ns. 

16/24 BIT TRACE POINT OUTPUT 

Level: high, ^2 V into 5011; low, <0.4 V into 5011. 

Pulse Duration: starts at beginning of trace and ends 
at the trigger point (pattern trigger plus delay). 

Delay from Input Clock: approx 85 ns. 

8 BIT PATTERN OUTPUT 

Level: high, 5=2 V into 5011; low, <0.4 V into 5011. 

Pulse Duration: pattern duration minus asynchro¬ 
nous trigger duration width. 

Delay from Pattern at Probe: approx 75 ns plus asyn¬ 
chronous trigger duration width. 

GENERAL 

MEMORY DEPTH: 256 data transactions (in timing 
display mode, 249 samples are displayed). 
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Table 1-2. Supplemental Characteristics 


SELECTABLE DELAYS 

SYNCHRONOUS TRiGGER DELAY: to 999 999 clocks. 
SYNCHRONOUS TRIGGER OCCURRENCES: to 999 

999. 

ASYNCHRONOUS TIME DELAY: to 1 048 575 times 
sample period. 

POWER 

100, 120, 220, 240 Vac; —10% to +5%; 48 to 66 Hz; 
230 VA max. 

DIMENSIONS 

see outline drawing. 

OPERATING ENVIRONMENT 

TEMPERATURE: 0°C to 55°C. 

HUMIDITY: up to 95% relative humidity at +40°C. 
ALTITUDE: to 4600 m (15 000 ft). 

VIBRATION: vibrated in three planes for 15 min. each 
with 0.3 mm (0.015 in) excursions, 10 to 55 Hz. 



WEIGHT 

NET: 19.1 kg (42 lb). 

SHIPPING: 23.6 kg (52 lb). 

ACCESSORIES SUPPLIED 

four 8-bit Model 10248B probes with probe leads 
and tips (three for data and one for clock, qualifi¬ 
ers, and external trigger) one 2.3 m (7.5 ft) power 
cord, one operating and service manual. 



Table 1-3. Recommended Test Equipment 


Instrument 

Critical Specification 

Recommended 

Model 

Use* 

Pulse Generators (2) 

External trigger 
dc to 50 MHz, variable 
>10 ns pulse width 

HP 8013B 

P 

5-ns Pulse Generator 

5-ns pulse width, 30-ns 
pulse period, TTL levels 

HP 8007B 

P 

Multimeter 

±1000 Vdc range, 0.1% 
accuracy 

HP 3465A 

P,T 

Oscilloscope 

275 MHz BW, dual channel 

HP 1725A 

P,A,T 

Logic State Analyzer 

Pattern recognition and 
state display 

HP 1611A 

Option 080 

T 

Logic Pulser 

Pulse logic circuits 

HP 10526T 

T 
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Table 1-3. Recommended Test Equipment (Cant’d) 


Instrument 

Critical Specification 

Recommended 

Model 

Use* 

Logic Probe 

Monitor digital IC’s 

HP 10525T 

T 

BNC-to-alligator 

Clip Adapters (3) 


HP Part No. 
8120-1292 

P 

BNC Tee Connectors (2) 


HP Part No. 
1250-0781 

P 

Current Tracer 


HP 547A 

T 

Logic Signature Analyzer 

No Substitute 

HP 5004A 

or 

ET 9254 

T 

LCR Meter 

Capacitance, 0 to 25 pF 

HP 4332A 

P 

*P = Performance Test, A = 

Adjustment, T = Troubleshooting 
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SECTION II 
INSTALLATION 


2-1. INTRODUCTION. 

2-2. This section contains information and instruc¬ 
tions for installing the Model 1615A. Included are initial 
inspection procedures, power and grounding require¬ 
ments, and instructions for repacking for shipment. 

2-3. INITIAL INSPECTION. 

2-4. Inspect the shipping container for damage. If the 
shipping container or cushioning material is damaged, 
it should be kept until contents of the shipment have 
been checked for completeness and the instrument has 
been checked mechanically and electrically. Procedures 
for checking electrical performance are given in Section 
IV. If the contents are incomplete, if there is mechanical 
damage or defect, or if the instrument does not pass the 
performance tests, notify the nearest Hewlett-Packard 
Office. If the shipping container is damaged, or the 
cushioning material shows signs of stress, notify the 
carrier as well as the Hewlett-Packard Office. Keep the 
shipping materials for carrier’s inspection. The HP 
office will arrange for repair or replacement at HP 
option without waiting for claim settlement. 

2-5. PREPARATION FOR USE. 

2-6. POWER REQUIREMENTS. 

2-7. The 1615A requires a power source of 100,120,220, 
or 240 Vac; —10%, +5%; single-phase; 48 to 66 Hz; 230 VA 
maximum. 


CAUTION 


The instrument may be damaged if the LINE 
switch pair on the rear panel is not set to 
match the input voltage in use. 

2-8. LINE VOLTAGE SELECTION. 

2-9. The LINE switch pair on the rear panel selects 
either 100-, 120-, 220-, or 240-volt operation. To check or 
change the position of the LINE switch pair, proceed as 
follows: 

a. Remove input power cord (if connected). 


b. For 100-volt or 120-volt operation, set the LINE 
switch pair to 100 V or 120 V respectively. Then install 
the 4-ampere fuse for Fl (located beside the line power 
connector). 

c. For 220-volt or 240-volt operation, set the LINE 
switch pair to 220 V or 240 V as applicable and install a 
2-ampere fuse for Fl (located beside the line power 
connector). 

d. Reconnect power cord. 

2-10. POWER CORDS AND RECEPTACLES. 

2-11. Figure 2-1 illustrates the standard configurations 
used for HP power cords. The HP part number directly- 
above each drawing is the part number for an instru¬ 
ment power cord equipped with a connector of that con¬ 
figuration. If the appropriate power cord is not included 
with the instrument, notify the nearest HP Sales/Ser¬ 
vice Office and a replacement cord will be provided. 


8120-0696 8120-2296 8120-2957 



8120-1692 8120-1703 8120-1521 

» A V 

_ 1615A-08-79 

Figure 2-1. Power Cord Configurations 

2-12. REPACKING FOR SHIPMENT. 

2-13. If the instrument is to be shipped to a Hewlett- 
Packard Sales/Service Office for service or repair, at¬ 
tach a tag showing owner (with address), complete 
instrument serial number, and a description of the ser¬ 
vice required. 

2-14. Use the original shipping carton and packing 
material. If the original packing material is not availa¬ 
ble, the Hewlett-Packard Sales/Service Office will pro¬ 
vide information and recommendations on materials to 
be used. 
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KEYBOARD FEATURES 

1615A 



fB cb cn cm 



PROBE THRESHOLD LEVEL GROUP 



REAR PANEL FEATURES 


DISPLAY GROUP 

O FORMAT SPECIFICATION. Calls up a menu which 
allows you to select the operating mode, clock slope, 
logic polarity, and number base parameters. It also 
permits arranging up to 24 input channels into 
labelled groups. 

^9 TRACE SPECIFICATION. Calls up a display menu 
in which you can specify trigger requirements, posi¬ 
tion of the trigger relative to captured data within 
the memory, and the clock parameters. 

o LIST. Calls up a display window of 15 lines of the 
data captured in the 256-line memory. 

O TIMING DIAG. Calls up a timing diagram of up to 
eight lines of the 256-bit memories. This mode per¬ 
mits precise time measurements between points on 
the traces. The trigger point is displayed as a set of 
short vertical bars. Glitch occurrences are captured 
in a separate memory and displayed as bright verti¬ 
cal bars on the individual traces. In this mode, X10 
magnification can be selected for any segment of a 
displayed trace to permit improved display resolu¬ 
tion. Probe pod 1 supplies the signals for timing dia¬ 
gram display. 

0 CHAN SEQ. This key offers the convenience of 
returning a timing diagram to its most simple form 
(lines 0 through 7 from top to bottom) after a special 
sequence of lines has been arranged on the display. 


Q ATTRIGWORD. In the list mode, pressing this key 
brings the display to the area of the trigger word. If 
the trigger word starts the display, it will be the first 
line of the display. If END was selected, the trigger 
word will be the last line displayed. In a timing dia¬ 
gram the brightened segment will switch imme¬ 
diately to the trigger word when AT TRIG WORD is 
pressed. If X10 magnification is being used, the dis¬ 
play window will move to the segment which in¬ 
cludes the trigger word. If so much trigger delay was 
selected that the trigger word is not in memory, 
pressing AT TRIG WORD will bring an error mes¬ 
sage on screen (WARNING — TRIGGER NOT IN 
MEMORY). 

O ROLL DISPLAY. In the list mode, this set of keys 
moves the display window up or down through the 
256-bit memory. In the timing diagram mode, this 
set of keys moves the brightened trace segment left 
or right across the display (for relative time mea¬ 
surements or selection of an area to be expanded). It 
also moves the display window in X10 magnifi¬ 
cation. 

ENTRY GROUP 

O FIELD SELECT. Permits selection of variables in the 
field contents. This key is used to make selections of 
variables within inverse fields which contain 
brackets ([ ]). It is also used to set the zero reference 
point for making point-to-point time measure¬ 
ments. 


O X DON’T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
F in hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 

© A-F,., 0-9. Alphanumeric keys for entering informa¬ 
tion into all entry fields on the display. 

EDIT GROUP 

CD DEFAULT. Returns the currently displayed menu to 
its simplest form. 

CE) SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (in a 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 

CD CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 

EXECUTE GROUP. 

CD TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one time initiates a 
single trace. Holding the key down places the I615A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 


CD STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 

PROBE THRESHOLD LEVEL GROUP. 

CD TTL/VARIABLE. When this switch is set to TTL, its 
associated probe pod(s) is biased to operate at TTL 
(1.4V) threshold levels. In the VARI ABLE position, 
the probe pod bias is adjusted to the required volt¬ 
age at the MEASURE test point. 

CD ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
—10 V to +10 V. 

CD MEASURE. A test point for measuring probe thresh¬ 
old level voltage during adjustment. 

CD SELF-TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble¬ 
shooting. 

© COMMON. A grounding point for use when making 
threshold voltage adjustments and using the SELF¬ 
TEST CLOCK. 

© LINE. Applies line power to the instrument. 

© ON. Lights when operating power is applied to the 
1615A. 
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Figure 3-1. 
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© X DON’T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
F in hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 

CD A-F,0-9. Alphanumeric keys for entering informa¬ 
tion into all entry fields on the display. 

EDIT GROUP 

CD DEFAULT. Returns the currently displayed menu to 
its simplest form. 

CD SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (in a 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 

CD CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 

EXECUTE GROUP. 

CD TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one time initiates a 
single trace. Holding the key down places the 1615 A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 


CD STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 

PROBE THRESHOLD LEVEL GROUP. 

CD TTL/VARIABLE. When this switch is set to TTL, its 
associated probe pod(s) is biased to operate at TTL 
(1.4 V) threshold levels. In the V ARI ABLE position, 
the probe pod bias is adjusted to the required volt¬ 
age at the MEASURE test point. 

CD ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
—10 V to +10 V. 

CD MEASURE. A test point for measuring probe thresh¬ 
old level voltage during adjustment. 

CD SELF-TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble¬ 
shooting. 

69 COMMON. A grounding point for use when making 
threshold voltage adjustments and using the SELF¬ 
TEST CLOCK. 

LINE. Applies line power to the instrument. 

© ON. Lights when operating power is applied to the 
1615A. 


REAR PANEL GROUP. 

16/24 BIT TRIG OUT. During state analysis, this 
output provides a trigger pulse whenever the state 
trigger pattern plus selected delay is recognized. 
Trigger pulse generation continues regardless of 
the condition of the data acquisition circuitry 
within the 1615A, This trigger pulse can be used to 
synchronize an oscilloscope for observing a particu¬ 
lar point in data flow. 

€D 16/24 BIT TRACE OUT. Provides a high state at the 
beginning of a trace of synchronous data (when 
TRACE key is pressed and the machine begins 
searching for a trigger). This output resets low after 
recognition of the synchronous trigger pattern plus 
the delay period or occurrence count. This output 
can be used to provide a clock-stopper signal during 
end-trigger measurements. 


© 8 BIT PATTERN OUT. Provides a trigger pulse when 
the selected trigger pattern is recognized during tim¬ 
ing measurements. 

© LINE SWITCH PAIR. Selects proper input circuit 
arrangement for input voltage in use. 

© LINE CONNECTOR. Connection for operating 
power. 

© LINE FUSE. Contains input operating power fuse. 
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SECTION III 
OPERATION 


3-1. INTRODUCTION. 

3-2. This section provides operating information, 
explains functions of 1615A controls, connectors, and 
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the instrument. 


3-3. PANEL FEATURES. 

3-4. The 1615A keyboard and panel features are des¬ 
cribed in figure 3-1. Description numbers match the 
numbers on the illustration. 


3-5. OPERATING INFORMATION. 

3-6. The 1615A offers two logic analyzers in one: a 
synchronous state analyzer and an asynchronous tim¬ 
ing analyzer. Each analyzer captures data indepen¬ 
dently from the other analyzer, although triggering of 
the two analyzers is related. 

3-7. STATE ANALYZER. The 1615A can be used for 
state analysis. It will capture and display up to 256 bytes 
of an operating program. It can capture bytes up to 24 
bits wide (up to 16 bits wide when the timing analyzer is 
also in use). 


3-8. In state analysis, the incoming data is synchro¬ 
nized with the incoming clock. Trigger delays are mea¬ 
sured in numbers of incoming clocks. The state analyzer 
does not have the capability to detect glitches. 

3-9. TIMING ANALYZER. The 1615A can generate a 
timing diagram of the data obtained on up to eight input 
lines (one 256-bit trace for each input line). The 1615A 
generates several internal clocks at different rates for 
capture of a trace. Additionally, an external clock can be 
used, if desired. Trigger delays are measured directly in 
units of time when operating with one of the internal 
clocks. Delays are measured as a number of clocks when 
operating with an external clock. The timing analyzer is 
capable of capturing glitches and displaying them as 
intensified bars on timing diagrams. 

3-10. SYNCHRONOUS VS ASYNCHRONOUS 
OPERATION. 

3-11. SYNCHRONOUS ANALYSIS (See figure 3-2). 

When the 1615A is configured as a synchronous ana¬ 
lyzer, it gathers data bytes which are synchronized with 
a clock. The clock is supplied from an external source. It 
need not be periodic as long as it is synchronized with 
the data (DO and Dl) to be analyzed. Trigger recognition 
occurs when the clock arrives at the same time that the 
states on the data lines match the trigger pattern 
specified. 


EXTERNAL 

SYNCHRONOUS 

CLOCK 



TRIGGER RECOGNITION 

SELECTED 
TRIGGER = 11 


Figure 3-2. Synchronous Operation 
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When the 1615A is configured as an asynchronous ana¬ 
lyzer, the clock is not synchronized with the incoming 
data. The clock is periodic and is used for time measure¬ 
ment. The states on the data lines are captured when 
each clock occurs until 256 sequential states have been 
obtained in memory. After the run, a trace is made for 
each data line showing all 256 states on the CRT as a 
plot of line state with respect to time. 


3-13. In the timing analyzer, trigger recognition is not 
a clock function. Anytime that the logical set specified 
as the trigger word appears on the data lines, the 1615A 
begins a measurement of time duration. The time dura¬ 
tion is selected by the operator prior to the run. If the 
logical set changes before the end of the specified dura¬ 
tion, the 1615A will reset immediately and begin a new 
search for the trigger word. When the logical set remains 
stable for the selected duration, the 1615 A recognizes its 
trigger. 
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of video and inverse video), the operator selects one of 
the parameters in the menu. Then he enters the desired 
conditions, and moves the cursor on to the next parame¬ 
ter. If the cursor is positioned in a field enclosed by 
brackets (such as MODE, CLOCK SLOPE, LOGIC 
POLARITY, or BASE), selections are made by pressing 
the FIELD SELECT key. If the cursor is positioned in a 
field without brackets, entries are made with the other 
keys in the ENTRY block on the keyboard. 


3-17. OPERATING PROCEDURES. 

3-18. INSTRUMENT CONNECTIONS (See figure 3-4). 

3-19. Connect operating power to the rear-panel con¬ 
nection on the 1615A. Make sure that power-selector 
switches above the power connector are properly set for 
the voltage in use. 


3-14. In START trace modes, data acquisition is inhib¬ 
ited until after trigger recognition occurs. In modes 
where trigger recognition ends the trace, data acquisi¬ 
tion begins immediately as soon as the run begins, and 
data acquisition stops when the trigger is recognized. 

3-15. THE MENU CONCEPT. 

3-16. Usually, instruments capable of complex mea¬ 
surements have equally complex front panels. By con¬ 
trast, the 1615A is capable of complex measurements 
but has a simple keyboard. Control complexity is re¬ 
placed with a set of menus. Each menu displays a set of 
measurement parameters to be selected by the operator. 


3-20. C onnect the probe cables to pod connectors under 
the keyboard by sliding each connector keeper to the left, 
pressing the connector into the receptacle, and then slid¬ 
ing the keeper to the right. Make certain that the proper 
probe cable is connected to each input receptacle. 

3-21. Connect pod 1 to the signals to be analyzed either 
by timing diagrams or by digital list. Either synchro¬ 
nous state or asynchronous timing tests may be made by 
the 1615A through the eight probes in pod 1. 

3-22. Connect pods 2 and 3 to the signals to be analyzed 
by digital lists. The 1615A makes synchronous state 
tests through the eight probes in each of these two pods. 


PERIODIC 

CLOCK 


DO 


L_ 


D1 

DO 

D1 


SPECIFIED 
TRIGGER = 11 
W/DURATION H-H 
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Figure 3-3. Asynchronous Operation 
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Figure 3-4. Probe Cable Installation 


3-23. Connect clock probe to the enternal clock signal 
source, if used. An external clock signal is required for 
all synchronous measurements. The 1615 A has an inter¬ 
nal clock which may be used for obtaining timing dia¬ 
grams. Connect the clock probe as follows: 

a. Connect the CLOCK terminal to the external 
clock signal. 

b. Connect qualifier lines (QUAL 0 through 5) to 
the sources of qualifier signals, if used. 

c. Connect EXT TRIG terminal to the source of an 
external trigger if desired for obtaining timing dia¬ 
grams. 

d. Connect the inner ground terminal to a source of 
signal ground. 

e. Connect the outer ground terminal to a source of 
signal ground, except when clock signals are obtained 
through the external probe wires. When external wires 
are used, the outer ground terminal must be left open; 
this prevents glitch generation in the external wires. 

f. Ground all unused probe cables on all pods. Un¬ 
used probe inputs may pick up glitches if left un¬ 
grounded. 

g. Connect cables to any of the three rear-panel 
BNC terminals if triggering of external instruments is 
desired. Refer to the rear-panel group described in figure 
3-1 for the signal characteristics of each rear panel BNC. 


3-24. INSTRUMENT TURN ON. 

3-25. Power is applied to the 1615A by pressing the 
LINE switch. The ON lamp lights, and the 1615A exe¬ 
cutes the power-up self test. When self test is complete, 
the format specification for the 24-bit mode appears on 
screen. A successful self test is assured by the statement 
POWER UP COMPLETE in the upper, right-hand 
corner of the display. 

NOTE 

If the self test fails, the 1615A will display 
TEST FAILED, STATUS = (3-digit failure 
code). Refer to Section VIII of this manual for 
an explanation of the failure codes. 

3-26. The probe threshold level panel provides separate 
adjustments for pod 1, pods 2 and 3 combined, and for 
the clock pod. Adjust the probe threshold voltage as 
follows: 

a. If the probe pods are connected to TTL circuitry, 
set the TTL/VARIABLE switches to TTL. This estab¬ 
lishes the proper probe threshold voltage (+1.4 V) for 
measuring signals with TTL levels. 

b. If the probe pods are connected to logic circuitry 
operating on other than TTL levels, set the TTL/VARI- 
ABLE switches to VARIABLE. Connect a voltmeter to 
the associated MEASURE test point. Then adjust the 
associated ADJUST control for an indication of the 
proper threshold voltage for the logic circuitry under 
analysis. The ADJUST control can select any voltage 
between —10 V and +10 V. 
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SUREMENTS. 

3-28. In the 24-bit mode, up to 24 lines of synchronous 
activity can be monitored. This mode of operation uses 
the following two menus: 24-bit Format Specification 
(figure 3-7), and 24-bit Trace Specification (figure 3-8). 
In the 24-bit Format Specification menu, the operator 
can choose the format for combining and displaying 
information. In the 24-bit Trace Specification menu, the 
operator selects the type of data and area of program 
execution to be captured. Each menu can be obtained on 
the 1615A display by pressing the appropriate key in the 
DISPLAY group on the keyboard. 


3-29. SYNCHRONOUS STATE CAPTURE AND DIS¬ 
PLAY. Press the TRACE key. The 1615A will capture 
256 bytes of synchronous data and display a trace list. 
Figure 3-9 shows a typical trace list. 

3-30. SEPARATING ADDRESS AND DATA. The syn¬ 
chronous state analyzer can be set up to capture and 
display address and data bus information in separate, 
related listings. By selecting the 24-bit Format Specifi¬ 
cation and labeling the probes connected to address bus 
A and the probes connected to the data bus C, the 1615A 
will provide a display which includes separate lists for 
each bus while still relating them on the display accord¬ 
ing to each clock. By separating the address bus and 
data bus in different lists, the logic polarity for each bus 
and the number base used for presentation can be 
assigned to each of the two buses. 

3-31. DELAY APPLICATIONS. The state DELAY mode 
is used to delay data capture a known number of clocks 
from the trigger. One application is displaying a series 
of consecutive 256-byte pages of a very long program. 
This may be accomplished by making several traces of 
program activity, each trace with an additional 256 
bytes of delay. 

3-32. The trigger OCCUR delay could be used to obtain 
any particular pass through a program loop. By select¬ 



ing an address within the loop as the trigger word and 
then specifying delay by trigger OCCURrences, any 
desired pass through the loop could be captured and 
displayed, up to 999 999 occurrences. 

3-33. CLOCK QUALIFIER APPLICATIONS. Sometimes 
it is necessary to capture only that activity in a specific 
area, such as activity involving a particular ROM in a 
system. The clock qualifier simplifies this information 
capture. By connecting one of the clock qualifier lines to 
the chip-select pin on the ROM, and then setting the 
clock qualifier on the trace specification to only recog¬ 
nize clocks which occur when the chip-select is in the 
active state, a listing of activity isolated to those pro¬ 
gram steps involving the ROM can be obtained. 

3-34. Two qualifier words may be used to specify two 
OR’d conditions for acceptable data, such as capturing 
only I/O reads or I/O writes when data acquisition is to 
be limited to I/O activity. Qualifier line 1 could be con¬ 
nected to the read line, and qualifier line 2 connected to 
the write line. Additionally, qualifier line 3 could be 
connected to a line which is active only when an I/O 
operation is in process, such as M/I/O. By selecting the 
following two qualifier words: XXX1X1 and XXX11X, 
only reads (line 1) or writes (line 2) will be clocked into 
the 1615A state memory when an I/O operation (line 3) 
is being implemented. 

3-35. ACTIVITY PRECEEDING A KNOWN EVENT. 

Sometimes it is necessary to observe activity leading up 
to a known event. Figure 3-5 shows a program sequence 
which contains three possible paths. The 1615A can be 
used to determine exactly which path was selected dur¬ 
ing program execution. By setting the 1615A to trigger 
on the first event following the convergence of the three 
paths, and selecting the END trace mode, the 1615A will 
capture and display the activity that led up to the trigger 
event. By including some delay with the END trigger 
specification, the trigger event can be positioned within 
the 1615A memory so that activity before and after the 
trigger event can be observed on the same display. 
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Figure 3 5. Activity Preceeding a Known Event 
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3-36. APPLICATION FOR TRACE TRIGGER EVENTS. 

When a specific quantity changes with each pass through 
a loop, this change can be observed by using TRACE 
TRIGGER EVENTS plus delay. The trigger word should 
be a non-changing address in the loop. The delay is used 
to offset data capture to the changing event to be 
observed. As the program runs, one event is captured 
each time that the loop occurs. The 1615A displays the 
sequential changes in the event being monitored. 


3-37. DISPLAYING A PARTICULAR PASSTHROUGH A 
LOOP. Sometimes it is desireable to observe program 
activity during a particular pass through a program 
loop (figure 3-6). The 1615A enables the operator to cap¬ 
ture and display any desired pass through such a loop. 
The 1615A can be set to recognize a particular address 
within the loop as the trigger word. Then by specifying 
delay as a number of trigger recognitions, the desired 
pass can be captured and displayed. 



What Happens in this Routine During 
the 185th Pass Through the Loop. 


TRIGGER = 3C80 
OCCURRENCE = 185 


Figure 3-6. Viewing a Particular Pass Through a Loop 
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1. MODE select: Move cursor to this field and press FIELD SELECT key to obtain 24 BIT mode. 

2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either postive-edge or 

negative-edge of incoming clock for data acquisition. 

3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in the three 

pods. In the above format specification, the 16 lines of pods 2 and 3 were 
connected to an address bus and the eight lines of pod 1 were connected to a data 
bus. This labeling groups the address bus lines under A and data bus under C. 
Up to three separate groups can be obtained by assignment of A, B, and C labels 
to the probes. Only adjacent probes can be grouped. The 1615 A will not accept a 
split label assignment such as AAABAACCCC, but by rearranging the label, it 
will accept AAAAABCCCC or BAAAAACCCC. Assign X to any unused probe 
to eliminate it from the display and trigger. 


4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 

negative logic polarity to each set of probe inputs. 

5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base 

for display of information obtained from each set of probe inputs. Either binary, 
octal, decimal, or hexadecimal number bases can be selected. 


Figure 3-7. 24-bit Format Specification Menu 
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CLOCK QUAL 
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2. Trigger Address select: 


1. TRACE point select: Move cursor to this field and press FIELD SELECT to place the trigger 

word at the START or END of the trace. To locate the trigger word 
within the trace and view activity before and after the trigger, select 
END TRACE and add some delay as described in steps 3 and 4 below. 

'rigger Address select: Move cursor to this field and type in the desired trigger words. In the 

example above, the 1615A will recognize its trigger when the address 
bus (group A) reaches 03E4 (HEX), regardless of the state on the data 
bus (group C). 

NOTE 

The dollar sign ($) may appear in the trigger field. If 3 does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, 1XX0 can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX, $ will appear in the 
new trigger word. This is because 1XX0 can not be expressed as a unique HEX character. 


3. DELAY/OCCUR select: 


4. DELAY/OCCUR parameter 


5. First CLOCK QUALIFIER word: 


Second CLOCK QUALIFIER word: 


7. TRACE data type: 


Move cursor to this field and press FIELD SELECT to choose either 
DELAY or OCCUR. If DELAY is selected, 1615A will count a specified 
number of clocks after trigger recognition before starting or ending data 
acquisition. If OCCUR is selected, start or end of data acquisition will be 
delayed until after a number of trigger occurrences. The number of 
clocks or trigger occurrences are selected in item 4 below. 

Move cursor to this field and enter the desired delay (clocks or occur¬ 
rences). Any delay of clocks or trigger occurrences up to 999 999 can be 
selected. This parameter is always a decimal number. 

Move cursor to this field and enter word: 1 or 0 for each of the six 
qualifier lines used on the clock probe. A “1” requires a high state to 
qualify the clock. A “0” requires a low state to qualify the clock. Enter X 
on any qualifier line that is not used. 

Move cursor to this field and press FIELD SELECT to either turn OFF 
the second qualifier word or turn it on to OR it with the first qualifier 
word. If OR is selected, type in the second qualifier word in the same 
format as was used for the first qualifier word. 

Move cursor to this field and press FIELD SELECT to choose either 
ALL STATES or TRIGGER EVENTS. If ALL STATES is selected, the 
1615A will accept every input received after trigger recognition. If 
TRIGGER EVENTS is selected, the 1615A will accept only those inputs 
which are a valid trace specification. 


Figure 3-8. 24-bit Trace Specification Menu 
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This illustrates a typical trace list display. TRACE-COMPLETE in the upper, right-hand corner indicates that 
the data-acquisition circuitry is now inactive. The trigger word 03E4 appears in inverse video on line 000 (start 
trace mode). The data acquired by the probes labeled A and C is displayed in separate columns in hexadecimal 
number bases. To observe other portions of the 256-byte memory, use the ROLL DISPLAY keys on the keyboard. 
To observe a particular line of display, move the cursor into the LINE NO. column and type in the line number 
desired. To return to the portion of memory which contains the trigger word, press the AT TRIG WORD key. 


Figure 3-9. Trace List Display 


3-38. 8-BIT ASYNCHRONOUS TIMING MEA¬ 
SUREMENTS. 

3-39. In the 8-bit mode, up to eight lines of asynchro¬ 
nous electrical activity can be monitored through the 
probes in pod 1. This mode of operation uses the follow¬ 
ing menus: 8-bit Format Specification (figure 3-21), and 
8-bit Trace Specification (figure 3-22). In the 8-bit For¬ 
mat Specification menu, the operator can select the for¬ 
mat for display if the optional list is elected. In the 8-bit 
trace specification menu, the operator selects the area of 
program execution to be captured using a variety of 
optional trigger pattern and delay arrangements. Also 
in this menu, the rate for sampling the eight data lines 
can be selected either from one of the several internal 
clock rates, or by supplying a separate external clock 
through a lead on the clock probe. 

3-40. 8-BIT ASYNCHRONOUS TIMING DIAGRAMS 
CAPTURE AND DISPLAY. Press the TRACE key. The 
1615A will capture 256 bytes of asynchronous, time- 
related activity and display a timing diagram (figure 
3-23) which has one horizontal trace for each active 
channel. Each trace displays the contents of its 256-bit 
memory. 

3-41. ASYNCHRONOUS TRIGGERING. In figure 3-10, 
the 1615A has been set up to trigger when it detects that 
all of the eight input lines have remained low for at least 
15 ns and a glitch is detected on line 5 of pod 1. Trigger¬ 
ing will be immediate and the trigger point will begin the 
256-byte trace. 
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Figure 3-10. Asynchronous Triggering Example 


3-42. In figure 3-11, three OR’d trigger fields are used. 
The 1615A will trigger whenever it detects a 15-ns period 
where all eight lines are low, OR all eight lines are high, 
OR all lines alternate with the first line high and the last 
line low. 


3-43. ON NOT TRIGGERING. This mode of triggering 
allows the operator to set up a particular status word 
and then monitor a system. If the status word ever 
changes, electrical activity before and/or after the 
change can be captured and analyzed as a timing 
diagram. 
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Figure 3-11. Multiple Trigger Words 

3-44. ON NOT triggering can also be used to capture a 
timing diagram of activity leading up to a system crash 
that stops the system clock. By selecting ON NOT 
XXXXXXXX, the END TRACE mode, and external 
clocking, 1615A will gather a continuous flow of activ¬ 
ity, and will never find its 8-bit trigger word. When a 
crash occurs and the clock stops, the timing diagram of 
activity leading up to the crash will be presented when 
the STOP key is pressed. 

3-45. 8-BIT TRACE DELAYS. The 8-bit trace may be 
delayed from its trigger point, either by a period of time 
or by a number of external clocks. In figure 3-12, external 
clock delay was selected. After the 1615A recognizes 
that all states on pod 1 are low for 15 ns, it will begin to 
count clocks applied to the EXT clock input of the clock 
probe. When it counts 142 external clocks, it will then 
gather 256 bytes of data at the rate of the internal clock 
(50 ns/clock in figure 3-12). The DELAY QUALIFIER 
field could have been used. The qualifier lines of the 
clock probe could have been connected to a particular set 
of lines and entrys made to ensure that only those exter¬ 
nal clocks which arrived when certain states were true 
would be recognized as part of the delay specification. 
For example, data collection could have been delayed 
until after a specific number of I/O writes had occurred. 
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Figure 3-12. 8-bit Trace Delays 


3-46. RELATIVE TIME MEASUREMENTS. Figure 3-13 
demonstrates the process for making relative time mea¬ 
surements on a timing diagram. In section a, the ROLL 
DISPLAY keys were used to place the leading edge of the 
expand indicator (brightened trace segment) on the fall¬ 
ing edge of a pulse on line 0. Then the FIELD SELECT 
key was pressed to zero the measurement indicator. In 
section b, the expand indicator was moved to the falling 
edge of a pulse on line 1. The measurement indicator 
shows that there is an elapsed time of 11.8 usee between 
the two points of interest. 



Figure 3-13. Relative Time Measurements 


3-47. For ease of making timing measurements, the 
channels can be rearranged on the display. In figure 
3-14, channels 0 and 7 were placed next to each other. To 
rearrange channels, move the cursor into the channel 
number column and type in the desired order of channel 
numbers. To return the channels to the normal sequence 
of presentation, press the CHAN SEQ key. 



Figure 3-14. Rearranged Channel Sequence Displays 


3-48. POSITIVE/NEGATIVE TIME ON TIMING DIAGRAM. 

The 1615A can be set up to capture and display a timing 
diagram showing activity leading up to the trigger pat¬ 
tern, the trigger point itself, and activity following the 
trigger pattern. In figure 3-15, the 8-bit mode was set up 
for the trigger pattern to end the trace. Then delay was 
added to the trace specification so that an additional 
portion of activity would be captured following recogni¬ 
tion of the trigger pattern. 



3-9 






















































Opera firm 


fyTnHpl 1 fy 1 Ft A 



TRIGGER' 

PATTERN 


Figure 3-15. Positive/Negative Time Displays 

3-49. TRACE LIST/TIMING DIAGRAM CONVERSION. 

The 1615A provides the capability of converting a tim¬ 
ing diagram to a trace list and a trace list to a timing 
diagram. In this way, activity gathered by pod 1 in 
either mode of operation can be viewed both as a series of 
sequential states, and as a 256-byte trace. (See figure 
3-16.) 

3-50. GLITCHES. A glitch is defined as two or more 
transitions occurring between any two consecutive sam¬ 
ples. When a glitch is detected by the 1615A, an intensi¬ 
fied vertical line is shown on the 1615A display in the 
time frame where the glitch detection occurred. Figures 
3-17 through 3-19 will clarify the 1615A glitch detection 
and display. 

3-51. Figure 3-17 shows detection and display of a sin¬ 
gle glitch occurring between two consecutive samples. 
The data level crosses the threshold twice between T1 
and T2, and the 1615A displays an intense vertical bar 
at T2. 
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Figure 3-16. Trace List/Timing Diagram Conversion 


3-52. Figure 3-18 shows detection and display of a 
glitch occurrence between T1 and T2 (two or more transi¬ 
tions crossed the threshold between T1 and T2). The 
1615A can not detect and display more than one glitch 
between any two consecutive samples. If in doubt, a 
faster clock rate can be selected to detect glitches. 
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Figure 3-17. Single Glitch Detection and Display 
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3-53. Figure 3-19 shows detection and display of a 
glitch that occurred within the same sample period as a 
data transition. The glitch is displayed as an intensified 
data transition. 

3-54. Figure 3-20 shows an example which includes 
glitch detection as part (or all) of the asynchronous 
trigger specification. In the example, the trigger word is 


T1 T2 

ASYNCHRONOUS j jj 

SAMPLE CLOCK _I_L 


all l’s on the eight asynchronous data channels plus 
detection of a glitch on either bit 3 or bit 7. It was not 
necessary to detect glitches on both bits 3 and 7. The 
entire glitch trigger field is satisfied whenever a glitch is 
found in any one of the designated bits. In the illustra¬ 
tion, no trigger would have been recognized if only bits 0 
through 6 had been designated since the glitch occurred 
on bit 7. 
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Figure 3-18. Multiple Glitch Detection and Display 
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Figure 3-19. Glitch Detection and Data Transition Display 
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Figure 3-20. Trigger on Combined Pattern and Glitch 



1. MODE select: 


Move cursor to this field and press FIELD SELECT key to obtain 8 BIT mode. 


2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive-edge or 

negative-edge of incoming clock for data acquisition. 

3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in pod 1. The 

probes can be arranged in one or two groups for a list presentation by labeling 
some probes D and others E. Only adjacent probes can be grouped. The 1615A 
will not accept DDEEDDEE. Label unused probe channels with X to eliminate 
them from the display and trigger. 


4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 

negative logic polarity to each set of probe inputs. 

5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base 

for a list display of information obtained from each set of probe inputs. Either 
binary, octal, decimal, or hexadecimal number bases may be selected. 


Figure 3-21. 8-bit Format Specification Menu 
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Figure 3-22. 8-bit Trace Specification Menu 
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5. Delay Parameter select: 


Move cursor into this field and type in the desired trigger delay: 
either a time period or number of external clocks. Delay up to 1 048 
575 sample clocks can be selected. Any time delay may be entered. 
The 1615A will automatically round off the time delay to a multiple 
of the sample period selected in step 3. 

6. Trigger Status select: Move cursor into this field and press FIELD SELECT to choose the 

desired trigger status. ON sets the 1615A to trigger when it detects 
the adjacent word. ON NOT sets the 1615A to trigger on anything 
but the adjacent word. ON EXT sets the 1615A to trigger when the 
selected transition occurs on the external trigger line of the clock 
pod (see step 7). 

7. External Trigger SLOPE select Move cursor into the field and use FIELD SELECT to choose either 

positive-edge or negative-edge triggering for the external trigger 
line from the clock pod. 

8. Trigger Word select: Move cursor into this field and type in the desired trigger word. The 

entry must be in the number base specified for the label field. In the 
example, all probe leads were combined in group E and binary 
number base was selected so only 1, 0, or X are allowed values for 
this entry. 

NOTE 

The dollar sign ($) may appear in the trigger field. If $ does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, 1XX0 can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX, $ will appear in the 
new trigger word. This is because IXXO can not be expressed as a unique HEX character. 

9. ASYNCH TRIGGER DURATION select Move cursor into this field and press FIELD SELECT to choose 

the period of time that the trigger set must remain stable before it is 
recognized as a valid 1615A trigger word. 

10. GLITCH trigger select: Move cursor into this field and press FIELD SELECT to assign 

glitch requirements to the trigger specification, if desired. A peak 
under a channel number assigns a glitch trigger requirement to 
that channel. This field is satisfied when any one of the specified 
channels detects a glitch. 

11. DELAY QUALIFIER select: Move cursor to this field and enter qualifier states desired for the 

clock probe. Use 1 (high state qualifies), 0 (low state qualifies), or X 
(either state qualifies). DELAY QUALIFIER is only available 
when external clock delay is selected. This field allows the operator 
to establish a qualification requirement for the clocks that are 
counted as part of the delay. 


Figure 3-22. 8-bit Trace Specification Menu (Cant'd) 
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1. CHANNEL SEQUENCE select Move cursor into this field and type in desired order of channel 

presentation. This allows placing any desired channels side-by-side 
for comparisons. Use letter X to blank a channel slot on the CRT. 

2. EXPAND INDICATOR select: Move cursor into this field and press FIELD SELECTto turn ON or 

OFF the expand indicator. This 1-division brightened portion of the 
trace is the area that will be displayed on screen if X10 MAGNIFI¬ 
CATION is selected. It can be positioned anywhere on the display by 
using the ROLL DISPLAY keys. It may mask glitch display so it 
can be turned off if desired. 

3. GLITCH DISPLAY select: Move cursor into this field and press FIELD SELECT to turn ON or 

OFF the display of glitches. This can reduce display clutter when 
making timing measurements. 

4. MAGNIFICATION select: Move cursor into this field and press FIELD SELECT to choose 

either XI or X10 display magnification. A 1-division brightened 
portion of the display in XI magnification shows what part of the 
trace will be on screen in XI0 magnification. 

5. Sample period/Horizontal Time Scale: UseSAMPLEPERIODINCR/DECRkeystochangeinternalclock 

rate for next trace. After incrementing or decrementing the sample 
period, the horizontal scale indications will be invalid for the dis¬ 
played data until a new trace is obtained. 

6. Time Measurement Field: Move cursor to this field and press FIELD SELECT key to zero 

indications. Then use ROLL DISPLAY keys to move expand indica¬ 
tor along trace. Time measurement field will show the elapsed time 
between the present and original position of the expand indicator. 


Figure 3-23. Timing Diagram Display 
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ASYNCHRONOUS MEASUREMENTS. 

3-56. The 1615A offers a dual mode of operation where 
the 16 bits gathered by pods 2 and 3 are clocked in for 
state analysis and the 8 bits gathered in pod 1 are cap¬ 
tured asynchronously for timing analysis. This mode is 
used when the area of concern involves both synchro¬ 
nous and asynchronous activity, such as finding the 
source of glitches at a particular point in program execu¬ 
tion. The dual mode gathers its information via one of 
four interactive trigger modes (see ARMS/TRIGGERS 
paragraph). 

3-57. In the Format Specification menu (figure 3-26), 
the operator sets up the individual formats for the 16-bit 
and 8-bit analyzers. In the Trace Specification menu 
(figure 3-27), the synchronous and asynchronous trigger 
and delay specifications are established for each of the 
two separate functions. Both menus offer nearly the 
same parameters as are offered for the 24-bit and 8-bit 
modes, except that only one qualifier field is available 
for the state analyzer and the Trigger Events mode is 
not used. 

3-58. ARMS/TRIGGERS. Two modes of interactive opera¬ 
tion (ARMS and TRIGGERS) are available when the 
1615A is simultaneously used as a 16-bit synchronous 
state analyzer and an 8-bit asynchronous timing ana¬ 
lyzer. The effects of the two modes are shown in figures 
3-24 and 3-25. 

16-BIT 

STATE 

ANALYZER 

CLOCKS __ 


3-59. i6 BIT TRIGGERS 8 BIT (figure 3-24). In this 
mode, the state analyzer receives external clocks while 
the timing analyzer waits. With each external clock, the 
16-bit state analyzer examines the associated data word. 
When the state analyzer recognizes its trigger word, it 
starts to retain data bytes in the 16-bit state memory 
according to the mode of opera ton selected. At the same 
time that the state machine recognizes its trigger, it 
issues a trigger to start the 8-bit timing analyzer. The 
timing analyzer then gathers 256 8-bit bytes into its 
timing memory. Since the two analyzers operate inde¬ 
pendently, they may gather data at different clock rates, 
as shown in figure 3-24. This enables an operator to 
obtain a timing diagram of the activity associated with 
a very small portion of an operating program. 


3-60. By using the TRIGGERS mode of triggering, the 
following applications are available: 

a. Lines can be observed to detect the source of a 
false interrupt (asynchronous condition) which occurs 
at a particular point in program execution (synchronous 
state). 

b. The stability of input lines can be verified 
(asynchronous activity) prior to reading an I/O port 
(synchronous state). 

c. Control line states (asynchronous activity) can 
be checked during a subroutine call (synchronous state). 
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3-61. 16 BIT ARMS 8 BIT (figure 3-25). In this mode, 
each of the two analyzers search for their own unique 
trigger words. The state analyzer starts searching for its 
trigger word as soon as the run begins, but the timing 
analyzer is held in a disarmed mode. When the state 
analyzer finds its trigger, it arms the timing analyzer, 
allowing it to start its own trigger word search. When 
the timing analyzer finds its trigger word, it then 
acquires its 256 bytes of data. In this mode, both digital 
and time delay can be obtained in one measurement. 

3-62. By using the ARMS mode of operation, the 1615A 
can be set up to search for a particular pattern on a set of 


control lines (asynchronous acitivity) only after a spe¬ 
cific point in program execution (synchronous state). 
One application of this mode would be to monitor a 
status word for change (asynchronous activity) after 
completion of a bootstrap (synchronous state). 


3-63. The 1615A also offers the 8 BIT TRIGGERS 16 
BIT and 8 BIT ARMS 16 BIT modes of triggering. These 
modes are identical to those described above, except that 
the 8-bit timing analyzer begins watching the incoming 
data at the start of the run and the 16-bit state analyzer 
waits to receive an enable or trigger. 
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Figure 3-25. 16 BIT ARMS 8 BIT Mode 
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1. MODE select: 


Move cursor into this field and press FIELD SELECT to obtain 16 and 8 BIT 
MODE. 


2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive- edge or 

negative-edge of incoming clock for data acquisition. 

The 16-bit format specification menu is shown above the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 24-BIT FORMAT SPECIFICATION, except that only the 16 probes of 
pods 2 and 3 are available for synchronous state measurement. 

The 8-bit format specification menu is shown below the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 8-BIT FORMAT SPECIFICATION. 


Figure 3-26. 16-bit & 8-bit Format Specification Menu 
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1. Trigger Interaction select Move cursor to this field and press FIELD SELECT to choose one of 

the four trigger interaction modes: 

(1) 16 BIT ARMS 8 BIT 

(2) 16 BIT TRIGGERS 8 BIT 

(3) 8 BIT ARMS 16 BIT 

(4) 8 BIT TRIGGERS 18 BIT 

The 16-bit trace specification menu is shown above the dashed horizontal line on the display. Menu selections are 
made in the same manner as for the 24 BIT TRACE SPECIFICATION, except that only one CLOCK QUALI¬ 
FIER field is available and the TRIGGER EVENTS mode is eliminated. 

The 8-bit trace specification menu is shown below the dashed line on the display. Menu selections are made in the 
same manner as for the 8-BIT TRACE SPECIFICATION. 


Figure 3-27. 16-bit & 8-bit Trace Specification Menu 
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3-64. STATUS MESSAGES. 

3-65. The following messages are displayed on the 
1615A screen to provide an indication of 1615A operat¬ 
ing status. (Messages may vary with different 1615A 
options.) 

COMMAND iGNORED - Displayed when an error exists 
in the operator’s entry. 

DELAY OUT OF RANGE - Displayed when delay specifi¬ 
cation exceeds 1615A capabilities. 

ERROR IN RAM # - Displayed when 1615A detects a 
write and read-back error during the power-up self test. 

ERROR IN ROM # - Displayed when 1615A detects a 
check-sum failure during power-up self test. 

INVALID ENTRY - Displayed when an entry is made that 
does not fit the field definition, such as entering an 8 in 
an octal field. 

NO ASSIGNED LABEL - Displayed when all probes are 
labeled X, an invalid condition. 

NO TRIGGER - Displayed between the time that the 
1615A starts looking for its trigger and the time that it 
finds its trigger. 

NO 16 BIT TRIGGER - Displayed between the time that 
the 1615A starts looking for its 16-bit trigger and the 
time that it finds its trigger. 

NO 8 BIT TRIGGER - Displayed between the time that 
the 1615 A starts looking for its 8-bit trigger and the time 
that it finds its trigger. 

POWER UP COMPLETE - Displayed after the end of the 
self test if the self test detected proper operation. 

POWER UP FAILED - Displayed after the end of the self 
test if the self test detected improper operation. 

SLOW CLOCK - Displayed when the repetition rate of 
the external clock is slow. 

SPLIT LABEL - Displayed when the letter assignments 
in the probe label field are not contiguous. 

TEST COMPLETE - Displayed when the data-acquisition 
self test is completed and the 1615A is found to be operat¬ 
ing properly. 

TEST FAILED, STATUS — - Displayed when an error is 
detected during the data-acquisition self test. Interpreta¬ 
tion of status codes is further explained in Section VIII 
of this manual. 

TEST IN PROCESS - Displayed during the time that the 
1615A is performing a self test. 


TRIGGER NOT IN MEMORY - Displayed when the AT 
TRIG WORD key is pressed and the trigger word is not 
in memory, due to trigger delays, etc. 

UNALLOWED VALUE - Displayed only in decimal fields 
when an out-of-range entry is made. 

USE FIELD SELECT KEY - Displayed when the operator 
presses one of the alphanumeric keys in a field that is 
controlled by the FIELD SELECT key. 

>0<256 WDS - Displayed only when operating with a 
slow external clock capturing state data in the trigger 
starts trace mode. This message tells how many valid 
data wurds have been captured since the start of the 
trace, and before the trace is complete. 

3-66. OPERATOR’S TESTS. 

3-67. Several test routines have been built into the 
1615A. These routines are available to the instrument 
operator through front-panel selection. Each test pro¬ 
vides a simple method of ensuring reliability in the spe¬ 
cific function or functions tested. If a self-test failure 
occurs, be sure to check all external connections. 

3-68. POWER-UP SELF TEST. 

3-69. This self test is performed automatically at 
instrument turn on if no keyboard key is held down. 
Built-in routines check the instrument program ROMs, 
display RAM for alphanumeric displays, and the micro¬ 
processor RAM. Successful completion of this test is 
indicated when the CRT displays the 24-bit format speci¬ 
fication with POWER UP COMPLETE in the upper, 
right-hand corner. A failure in this test sets the test in a 
loop and the CRT indicates the circuitry that failed, such 
as ERROR IN ROM #3, 4, 5. The 1615A continues to 
rerun the test and refresh the display. When the mal¬ 
function is corrected, the 1615 A will proceed through the 
remainder of the power-up test and finish with POWER 
UP COMPLETE and the 24-bit format specification. 

3-70. KEYBOARD SELF TEST. 

3-71. The keyboard self test is initiated when the A key 
is held down during instrument turn on. In this test, the 
display shows NEXT KEY #1, LAST KEY #13. To indi¬ 
vidually check the proper operation of the entire key¬ 
board, the keys must be pressed in sequence from left to 
right and top to bottom in each functional group. The 
LAST KEY # will show the number of the last key 
pressed but the NEXT KEY # will only advance if the 
next key specified is pressed. To end this test, press the 
STOP key. Then the display will switch to the 24-bit 
format specification. 

3-72. If a key (other than A through D) is stuck down 
during power up, the display will show POWER UP 
FAILED, and LAST KEY # will show the number of the 
stuck key. 
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3-73. uA l A ACQUiSi I iON SELF I tS I. 

3-74. The data acquisition self test is initiated when the 
B key is held down during instrument turn on. A pro¬ 
gram of test data is begun which exercises all variables 
in the data acquisition circuitry. The clock probe must be 
connected to the SELF-TEST CLOCK and COMMON 
test points on the front panel to perform this test. At the 
end of the test, the display shows the 24-bit format speci¬ 
fication menu and TEST COMPLETE in the upper, 
right-hand corner. 

3-75. If a failure occurs during the data acquisition 
test, the display will show TEST FAILED, STATUS = 
(code number). The code number is always in octal and 
indicates machine status at the time of the failure. Refer 
to Section VIII of this manual for a list of failure codes 
and their interpretations. 


3-76. Press FORMAT SPECIFICATION and TRACE 
SPECIFICATION; the display will show what state of 
the test was in process when the failure occurred. When 
the cause of the failure is discovered and corrected, the 
test that failed can be repeated by pressing the TRACE 
key. However, the untried remaining tests in the data 
acquisition self test will not be performed. To perform 
the entire data acquisition self test, turn off instrument 
power and turn it back on while holding the B key down. 

3-77. Section VIII contains a list of the tests performed 
during the data acquisition self test. By referring to 
Section VIII, you can determine which portions of the 
circuitry were found to be operating properly, which 
portion of the circuitry failed the test, and which por¬ 
tions of the circuitry were not tested. 


3-78. If you do not wish to perform the remainder of the 
data acquisition self test, press the TRACE SPECIFI¬ 
CATION key and make a change to the displayed trace 
specification. This removes the internal count-up mode 
from the input circuitry and reconfigures the 1615A to 
acquire external data. 

3-79. DSA TEST LOOPS. 

3-80. While these functions are not truly instrument 
self tests, they are included here because they are condi¬ 
tions accessible from the front panel. Each test condi¬ 
tion configures its related circuitry in a loop for trouble¬ 
shooting with DSA measurements. In both of these 
conditions, the keyboard is disabled. To terminate either 
of these conditions, instrument power must be turned 
off. 

3-81. DATA ACQUISITION DSA MEASUREMENTS 
CLOCK. This clock is initiated when the C key is held 
down during instrument turn on. In this condition, 
TEST IN PROCESS is displayed on screen and a clock is 
supplied to the SELF-TEST CLOCK terminal for use in 
troubleshooting the data acquisition circuits. 

3-82. DISPLAY DSA MEASUREMENTS. The display 
DSA measurements mode is initiated when the D key is 
held down during instrument turn on. The clock probe 
must be connected to the SELF-TEST CLOCK and 
COMMON test points on the 1615A front panel. In this 
mode, the keyboard is disabled and the display shows a 
timing disgram of the clock with each probe channel 
running at one-half the rate of the channel above it. In 
this mode, the microprocessor is halted and the circuitry 
is configured in a loop which can be used for DSA testing 
of the display logic circuits. 
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SECTION IV 

PERFORMANCE TESTS 


4-1. INTRODUCTION 

4-2. The procedures in this section test the instrument 
electrical performance using the specifications of table 
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formed without access to the interior of the instrument. 
A simpler operational test is included in Section III 
under Operator’s Tests. 

4-3. EQUIPMENT REQUIRED. 

44. Equipment required for the performance tests is 
listed in the Recommended Test Equipment table in Sec¬ 
tion I. Any equipment that satisfies the critical specifi¬ 
cations given in the table may be substituted for the 
recommended model(s). 

4-5. TEST CONNECTOR. 



4-6. The performance tests and adjustment procedures 
require connecting pulse generator outputs to probe pod 
inputs. These tests require either one or two 50-ohm ter¬ 
minations. Figure 4-1 shows how to build a connector 
that includes a 50-ohm termination for a pulse genera¬ 
tor. The Hewlett-Packard part numbers for the parts 
used in the test connector are listed below. Equivalent 
parts may be used. 


BNC connector. 1250-0083 

solder lug. 0360-1632 

nut. 2950-0001 

2 resistors, 1 watt, 100 ohms. 0760-0024 


4-7. TEST RECORD. 


Figure 4-1. 50-ohm Test Connector 


4-9. OPERATION VERIFICATION. 

4-10. To assure that the 1615A is operating properly 
without testing all of the specifications listed in table 1- 
1, perform the Operator’s Tests described in Section III 
of this manual. Make certain that each of the self tests 
can be accessed via the applicable keyboard keys and 
that each test reaches its designed conclusion. This veri¬ 
fies proper instrument operation. 


4-8. The results of the performance tests may be tabu¬ 
lated on the Test Record at the end of the procedures. The 
Test Record lists all the tested specifications and their 
acceptable limits. The results recorded at incoming 
inspection can be used for later comparisons during peri¬ 
odic maintenance, troubleshooting, and after repairs or 
adj ust merits. 


4-11. SPECIFICATIONS TESTS. 

4-12. The following tests verify the specifications listed 
in table 1-1. They can be used as an incoming inspection 
procedure, or for performance testing after instrument 
repairs or adjustments bave been made. 
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4-13. CLOCK, QUALIFIER, AND DATA INPUTS TEST. 

SPECIFICATION: 

REPETITION RATE: to 20 MHz. 

MINIMUM INPUT: 

Swing 0.6 V. 

Clock Pulse Width: 20 ns at threshold level. 

Setup Time: time data must be present prior to clock transition, 20 ns. 

Hold Time: time data must be present after clock transition, zero. 

INPUT THRESHOLD: TTL, fixed at approx. +1.5 V; variable ±10 Vdc. 

INPUT RC: 50 kfl shunted by s' : 14 pF at probe tip. 

DESCRIPTION: 

This test verifies the specifications of the 10248B input probes when used with the 1615A Logic Analyzer. Each data 
probe should be tested separately. 

EQUIPMENT: 

Pulse Generators (2) 

Oscilloscope 
Multimeter 
LCR Meter 


PROCEDURE: 

a. Connect pulse generators and oscilloscope to 1615A as shown in figure 4-2. Connect all inputs of clock probe and 
probe pod 1 to their respective signal sources. Connect probe pods 2 and 3 to Model 1615Abutdo not apply signals 
to these probe pods. 


PULSE 

GENERATOR 

OSCILLOSCOPE 1 


PULSE 

GENERATOR 

2 


MODEL 1615A 



SEE FIG. 4-1 


SEE FIG. 4-1 


Figure 4-2. Clock, Qualifier, and Data Inputs Test Setup 
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b. Set up pulse generators to supply waveforms shown in figure 4-3. 

c. Press FORMAT SPECIFICATION key on 1615A. 

d. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-4. 

e. Press TRACE SPECIFICATION key. 

f. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-5. 

g. Set each PROBE THRESHOLD LEVEL switch to TTL. 

h. Press TRACE key. Observe trace list of FF on probe pod 1 and 00 on pods 2 and 3. 

i. Remove inputs from probe pod 1 and connect to probe pod 2. 

j. Press TRACE key. Observe trace list of FF on probe pod 2 and 00 on pods 1 and 3. 



(CLOCK INPUT) 


Figure 4-3. Clock, Qualifier, and Data Inputs Test Waveform 

A B C 



B C CCCCCCCC START ALL STATES OFF 000000 XXXXXX 


+ + + 

HEX HEX HEX 


Figure 4-4. Format Specification for Clock, Qualifier, 
and Data Inputs Tests 


Figure 4-5. Trace Specification for Clock, Qualifier, 
and Data Inputs Tests 










Performance Tests 


Model 1615 A 


PERFORMANCE TESTS 


k. Remove inputs from probe pod 2 and connect to probe pod 3. 

l. Press TRACE key. Observe trace list of FF on probe pod 3 and 00 on pods 1 and 2. This verifies the 1615A specifi¬ 
cations as follows: 

REPETITION RATE: to 20 MHz. 

MINIMUM INPUT 

Clock Pulse Width: 20 ns at threshold level. 

Setup Time: 20 ns. 

Hold Time: zero. 

m. Connect multimeter to each MEASURE test point on PROBE THRESHOLD LEVEL panel. Multimeter should 
indicate approximately +1.5 Vdc (TTL threshold). 

n. Set PROBE THRESHOLD LEVEL switches to VARIABLE and recheck each MEASURE test point with multi¬ 
meter. Turn each ADJUST control throughout its range and make certain that voltage on associated test point 
can be varied from —10 V to +10 V. 

o. Adjust each ADJUST control to obtain +1.5 Vdc at associated MEASURE test point. 

p. Disconnect inputs from probe pod 3 and reconnect to probe pod 1. 

q. Set up pulse generators to supply waveforms shown in figure 4-6. 


1^ — ilOONS' H 


•THRESHOLDS SHOWN ARE 
APPROXIMATE AND WILL 
BE SLIGHTLY HIGHER THAN 
SYMETRICAL. 


FUNCTION GENERATOR OFFSET 
MAY BE ADJUSTED FOR 
STABLE DISPLAY. 
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GENERATOR 2 _ 

(CLOCK INPUT) 


* 
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Figure 4-6. Minimum Input Voltage Swing Test Waveforms 

r. Repeat steps c through 1, except leave PROBE THRESHOLD LEVEL switches in VARIABLE. This verifies 
1615A minimum input swing specification of 0.6 V. 

s. Connect multimeter to each probe input lead (+ side to probe channel, — side to probe ground). Multimeter should 
indicate 50 ± 5 kilohms. 

t. Using LCR meter, measure shunt capacitance between each probe input lead and probe ground. Each input ca¬ 
pacitance should be approximately 15 to 25 pF (probe capacitance without external wiring is <14 pF.) 

u. Reset PROBE THRESHOLD LEVEL switches to TTL. 


44 
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4-14. ASYNCHRONOUS OPERATION TEST. 

SPECIFICATION: 

MINIMUM DETECTABLE GLITCH: 5 ns with 30% peak overdrive or 250 mV, whichever is greater. 

GLITCH TRIGGER: on any selected channel(s), if a glitch is captured, the glitch is AND’ed with the asynchronous 
pattern trigger. 

PATTERN TRIGGER: any 8-bit pattern. Variable trigger duration 15,50,100,200,500,1000 or 2000 ns+15 ns or 15%, 
whichever is greater. 

EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum with 30% peak overdrive or 250 mV, whichever is greater. 

DESCRIPTION: 

This procedure verifies the glitch detection, glitch triggering, external trigger, and asynchronous pattern triggering 
operation of the 1615A. 

EQUIPMENT: 

5-ns Pulse Generator. 

Oscilloscope. 

50-ohm Termination (see figure 4-1). 

PROCEDURE: 

a. Connect 1615A to test equipment according to figure 4-7. Use pulse generator with 5-ns pulse output capability. 

b. Connect all probe pods to 1615A, but connect only data lead 0 of pod 1 to pulse generator. 

c. Adjust pulse generator to supply test waveform shown in figure 4-8. 

d. Press FORMAT SPECIFICATION key. 


5NS 

PULSE 



<b 


^ son 

- (SEE FIG. 4-1 ) 


MODEL 1615A 

GENERATOR 

OSCILLOSCOPE 



OUTPUT 

-2— 


—2- 


10:1 PROBE 


Figure 4-7. Asynchronous Specification Test Setup 
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Perform ancG Tests 


e. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-9. 

f. Press TRACE SPECIFICATION key. 

g. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-10. 

h. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti¬ 
cal lines (glitches) on channel 0 (GLITCH DISPLAY field must be ON). Move cursor to MAGNIFICATION field 
and press FIELD SELECT to expand display to clearly see glitches. 

i. Disconnect bit 0 and connect bit 1 to pulse generator output. 

j. Press TRACE SPECIFICATION key. 

k. Delete glitch requirement on channel 0 and insert glitch requirement on channel 1. 

l. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti¬ 
cal lines (glitches) on channel 1 display. 


H - 

—.30NS — 
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l 

i 

i 

i 







Figure 4-8. Asynchronous Operation Test Waveform 



Figure 4-9. Asynchronous Tests Format Specification 
Menu 


Figure 4-10. Asynchronous Tests Trace Specification 
Menu 
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m. Repeat steps i through 1 to check glitch triggering on channels 2 through 7. This verifies 1615A ability to detect 
and trigger on a minimum glitch in any selected channel. 

n. Disconnect bit 7 and connect bit 1 to pulse generator output. 

o. Press TRACE SPECIFICATION key. 

p. Move cursor to glitch trigger field and delete glitch requirement (ANY GLITCH ON ANY OF.). 

q. Move cursor to trigger word field and select XXXXXX1X. 

r. Set output of pulse generator for pulse width less than 500 ns. 

s. Press TRACE key on 1615A. Display should show WARNING - NO 8 BIT TRIGGER. 

t. Adjust pulse width from pulse generator for pulse greater than 500 ns. Display of 1615A should show TRACE 
COMPLETE. This verifies 1615A asynchronous pattern trigger with variable trigger duration. 

u. Press TRACE SPECIFICATION key. 

v. Move cursor to each field in menu. Set up menu according to figure 4-11. 



Figure 4-11. External Trigger Test Trace Specification Menu 

w. Press TRACE key. Display will show TRACE - IN PROCESS and WARNING - NO 8 BIT TRIGGER. 

x. Set pulse generator to supply 5-ns pulse width, 5-volt amplitude, 1-gsec repetition rate. 

y. Connect clock probe EXT TRIG input to pulse generator output. Display of 1615A will show TRACE COM¬ 
PLETE. This verifies 1615A acceptance of minimum external trigger on clock probe (at least 30% of the total 
pulse voltage or 250 mV, whichever is greater, must be above the threshold level for at least 5 ns). 


4-7 








_, nrr~ _ a ,, 

X eixui.xucUj.cc icdt>o 


j„i icic A 

iiiuuu xui.ui i 


PERFORMANCE TESTS 


4-15. TRIGGER OUTPUTS (REAR PANEL) TEST. 

SPECIFICATION: 

LEVEL: high, 5=+2 V into 50ft. 

low, ^+0.4 V into 50ft. 

DELAY FROM INPUT CLOCK: approx. 85 ns (16/24 BIT) 

DELAY FROM PATTERN RECOGNITION TRIGGER AT PROBE: approx 45 ns plus asynchronous trigger dura¬ 
tion width (8 BIT). 

DESCRIPTION: 

This test verifies the specified operation of the trigger and trace point outputs on the rear panel of the 1615A. 

EQUIPMENT: 

Oscilloscope 
Pulse Generator 

50-ohm Termination (see figure 4-1). 

PROCEDURE: 

a. Connect test equipment to 1615A as shown in figure 4-12. 

b. Press FORMAT SPECIFICATION key on 1615A. 



Figure 4-12 Trigger/ Trace Point Outputs Test Setup 


4-8 





Model 1615A 


Performance Tests 


PERFORMANCE TESTS 


c. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-13. 

d. Press TRACE SPECIFICATION key. 

e. Press DEFAULT key to format displayed menu in its most simple form. 

f. Adjust pulse generator to supply waveform shown in figure 4-14 to 1615A. 

g. Press TRACE key on 1615A. Hold key down to obtain TRACE CONTINUOUS indication on display. 

h. Connect oscilloscope channel B to measure waveform at 16/24 BIT TRIG OUT on rear panel of 1615A. Oscillo¬ 
scope should show high level of SU0.4 V into 50fl. 

i. Disconnect oscilloscope channel B from 16/24 BIT TRACE OUT and connect to 16/24 BIT TRACE OUT on 
1615A rear panel. Oscilloscope should show high level of 3H-2 V into 5011 and low level of U-0.4 V into 5011. For 
more readable display, press TRACE SPECIFICATION key to increase repetition rate. 

j. Press FORMAT SPECIFICATION key on 1615A. 


24 BIT — AAAAAAAA CCCCCCCC 



+ + + BBBBBBBB 

BIN BIN BIN 


Figure 4-13. Trigger/ Trace Point Outputs Format Specification 
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Figure 4-14. Trigger/Trace Point Outputs Test Waveform 
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k. Press FIELD SELECT key to obtain 8 BIT MODE. 

l. Press DEFAULT key to obtain most simple 8 BIT format specification menu. 

m. Press TRACE SPECIFICATION key. 

n. Press DEFAULT key to obtain most simple trace specification menu. 

o. Move cursor into trigger ON field and enter XXXXXX1X. 

p. Hold TRACE key down to obtain TRACE CONTINUOUS operation. 

q. Connect oscilloscope channel B to monitor 8 BIT PATTERN OUT on rear panel of 1615A. Observe high level of 
Sj+ 2 V into 50fl and low level, of s£ + 0.4 V into 50fl. 
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HEWLETT-PACKARD 



MODEL 1615A 



i nmr akiai v7FP 

Tested by 






SFRI&I un 


Date 






Paragraph 

Number 

Test 

Min 

Results 

Actual 

Max 

4-13 

Clock, Qualifier, and Data Inputs 





Repetition Rate to 20 MHz 

Valid Clock 




Minimum Input Swing 0.6 V 

Valid Clock 
and Data 




Clock Pulse Width 20 ns 

Valid Clock 




Setup Time 20 ns 

Valid Data 




Hold Time 0 

Valid Data 




Input Threshold TTL +1.5 V Variable 

±10 Vdc 




Input RC 

45 Kn 


55 KO <14 pF 

4-14 

Asynchronous Operation 





Minimum Detectable Glitch 5 ns 

Glitch 

Indication 




Glitch Trigger on any 

Selected Channel 

V alid Trigger 




Pattern Trigger, any 8-bit 

Pattern with V ariable Duration. 

Valid Trigger 




External Trigger 

Valid Trigger 



4-15 

Trigger Outputs 
(Rear Panel) 





16/24-bit Outputs 

Trigger High Level 

Trigger Low Level 

Trigger Delay approx 85 ns 

^2 V 


<0.4 V 


Trace High Level 

Trace Low Level 

Trace Delay approx 85 ns 

>2 V 


<0.4 V 


8-bit Output 

High Level 

Low Level 

Delay 45 ns + 

Async. Trig. Duration 

>2 V 


<0.4 V 


4-11/(4-12 blank) 
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SECTION V 
ADJUSTMENTS 


5-1. INTRODUCTION. 5-5. PREADJUSTMENT PROCEDURES. 


5-2. This section contains a complete adjustment pro¬ 
cedure for the 1615A. Perform the adjustment procedure 
only after instrument repairs. The adjustments can be 
made separately. These adjustments should not be part 
of a periodic maintenance program. 


WARNING 


Read the Safety Summary at the front of this 
manual before performing adjustment pro¬ 
cedures. 

5-3. EQUIPMENT REQUIRED. 

54. A list of recommended test equipment is provided 
in Section I of this manual. 


a. Disconnect 1615A power cord. 

1_ O_„_1 111 E A --~~ 

u. rvelTiuvc iuiun tup Cuvci. 

c. Remove 1615A left side cover. (See figure 5-6.) 


| CAUTION ] 

The adjustments are performed with the top 
and left side covers removed. Use care to 
avoid shorting or damaging internal parts of 
the instrument. 

d. Reconnect 1615A power cord. 

e. Press LINE switch to on position. The ON lamp 
should light. 


ADJUSTMENTS 


5-6. 5-VOLT POWER SUPPLY ADJUSTMENTS. (See figure 5-6 and schematic 2.) 

a. Connect multimeter to test point +5 (A7TP2) and GND (A7TP4). 

b. Adjust A7R12 for +5.13 volts on multimeter. 

c. Connect multimeter to test point —5 (A7TP3) and GND (A7TP4). 

d. Adjust A7R22 for —5.3 volts on multimeter. 
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_ ADJUSTMENTS _ 

5-7. DISPLAY ALIGNMENT. 

5-8. Normally it is not necessary to perform this procedure unless the CRT has been replaced. 

a. Press LINE switch to off position and disconnect power cord. 

b. Remove screw that secures post-accelerator lead to CRT shield. 

c. Loosen four screws that hold CRT shield to main deck. 

d. Remove CRT shield. 

e. Loosen clamp on yoke Ll. 

f. Reconnect power cord and press LINE switch to on position. 

g. Rotate yoke Ll so that horizontal lines on display are parallel with top and bottom of display window. 

h. Press LINE switch to off position and disconnect power cord. 

i. Tighten clamp on yoke Ll. 

CAUTION 

Hand-tighten only. Excessive tightening will damage CRT. 

j. Reinstall CRT shield and post-accelerator lead holder. 

k. Reconnect power cord and press LINE switch to on position. 

5-9. DISPLAY ADJUSTMENT. (See figure 5-7 and schematic 3.) 

a. Press TIMING DIAG key. 

b. Turn contrast adjustment A13R61 fully clockwise. This control is a service aid only. For normal operation, 
A13R61 should be fully clockwise. 

c. Slowly adjust intensity control A13R60 clockwise until retrace lines can be seen. Then return A13R60 counter¬ 
clockwise until desired brightness is obtained. 

: | CAUTION 11 

Excessive intensity will burn CRT phosphor, but this will not degrade display performance. 

d. If vertical lines cannot be seen, adjust contrast control A6R21 (figure 5-6) for desired display contrast. 

e. Adjust focus control AI3R45 for best overall focus of display. 

f. Set horizontal size A13R6 and vertical size A13R18 fully counterclockwise. 

g. Adjust horizontal position A13R14 and vertical position A13R40 to center display. 

h. Adjust linearity control A13R23 so that characters in top and bottom lines of display are same height. 

i. Adjust horizontal size A13R6 and horizontal position AI3R14 for 20 mm (0.8 in.) margin on each side of display. 
). Adjust vertical size A13R18 and vertical position A13R40 for 5 mm (0.2 in.) margin at top and bottom. 

k. Repeat step h. 
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AuJUSi MENTS 


5-10. TIMING ADJUSTMENTS. (See figures 5-1 and 5-8, and schematic 7A.) 

5-11. Timing adjustments should only be checked and adjusted after repair of assembly A2 or a data acquisition 
malfunction. 

a. Set LINE power switch to off position. 

b. Remove assembly A2. 

c. Intall extender board. 

d. Install A2 on extender board. 

e. Connect oscilloscope input A to A2TP1 and input B to A2TP2, the 8-bit clock strobe timing test points. 

f. Connect clock probe input to SELF-TEST CLOCK and connect clock probe ground to COMMON on 1615A front 
panel. 

g. Set LINE power switch to on position. 

h. Press TRACE key. Oscilloscope should show waveforms in figure 5-1. 


I 



Figure 5-1. Timing Generator Clock Strobe Waveforms 


i. Adjust A2R10 (E20) for 21 ns between leading edges of A2TP1 and A2TP2 waveforms. 

j. Adjust A2R11 (E49) for 49.5 ns between leading edge of A2TP1 waveform and trailing edge of A2TP2 waveform. 

k. Connect oscilloscope input A to A2TP3 and input B to A2TP4, the 16-bit clock strobe timing test points. 


a l' . x *onm / a r*rv\ jc _r»-i . . i. . i . . . l it i r*A nmnn _ j a nmn a --- c _ 

aujusi A^rv.1^ ior z-i us uetween leauing euges oi A^iro anu az-ut^ waveiurius. 


m. Adjust A2R11 (A49) for 49.5 ns between leading edge of A2TP3 waveform and trailing edge of A2TP4 waveform. 
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5-12. FILTER WIDTH ADJUSTMENT. (See figures 5-2 through 5-6, and schematic 5A.) 

a. Press FORMAT SPECIFICATION key. 

b. Set up format specification according to figure 5-2. 

c. Press TRACE SPECIFICATION key. 

d. Set up trace specification according to figure 5-3. 

e. Connect instruments according to test setup in figure 5-4. 


8 BIT 



Figure 5-2. Format Specification for Filter Width 
Adjustment 


START OFF ONI INT TIME 50NS/CLK 



OFF XXXXXX10 - 500NS OO.ONS 

Figure 5-3. Trace Specification for Filter Width 
Adjustment 



SEE SECTION IV 


Figure 5-4. Filter Width Adjustment Test Setup 
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f. Adjust pulse generator to provide waveform with parameters as shown in figure 

g. Set filter adjustment A4R20 fully clockwise. 

h. Press and release TRACE key. 

i. Readjust A4R20 counterclockwise until 1615A just triggers on 500-ns pulse. 

j. Repeat steps h and i to obtain the best adjustment of A4R20. 



Figure 5-5. Filter Width Adjustment Waveform 








Adjustments 


A20 

A2R12 


E20 

A2R10 


E43 

A2R11 


A49 

A2R13 


\ 


A13R60 

INTENSITY 


A13R45 

FOCUS 


A13R14 

HORIZONTAL 

POSITION 


A13R40 

VERTICAL 

POSITION 



SIZE 


CONTROL 


SIZE 



STROBE TIMING 
A2TP1/A2TP2 


Figure 5-7. Adjustment Locations, Display Assembly A13 


Figure 5-8. Timing Adjustment Locations, Assembly A2 
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Model 1615A 


Replaceable Parts 


SECTION V! 

REPLACEABLE PARTS 


6-1. INTRODUCTION. 

6-2. This section contains material lists for ordering 
replaceable parts. The material lists are divided into lev¬ 
els of assembly with the material list of parts used in the 
final assembly first followed by material lists for each of 
the subassemblies. 

6-3. The information given for each part consists of the 
following: 

a. Reference designation(s) assigned to the part(s). 

b. Hewlett-Packard Part Number. 

c. Total qualtity of the part(s) used in the as¬ 
sembly. 

d. Description of the part. 


6-4. ORDERING INFORMATION. 

6-5. To order a part listed in the material lists, quote the 
Hewlett-Packard Part Number, indicate the quantity 
required, and address the order to the nearest Hewlett- 
Packard Sales/Service Office. 


6-6. To order a part that is not listed in the material 
lists, include the instrument model number, instrument 
serial number, a description of the part (including its 
function), and the number of parts required. Address the 
order to the nearest Hewlett-Packard office. 

6-7. DIRECT MAIL ORDER SYSTEM. 

6-8. Within the USA, Hewlett-Packard can supply 
parts through a direct mail order system. Advantages of 
using the system are: 

Direct ordering and shipment from the HP Parts 
Center in Mountain View, California. 

No maximum or minimum on any mail order (there 
is a minimum order amount for parts ordered through a 
local HP office when the orders require billing and 
invoicing). 

Prepaid transportation (there is a small handling 
charge for each order). 

No invoices — to provide these advantages, a check 
or money order must accompany each order. 

6-9. Mail order forms and specific ordering informa¬ 
tion is available through your local HP office. 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts 


Do-fcirpnro 

i iv> ■ Ci ivv 

Designation 

HP Part 
Number 

r 

D 

uty 

Description 

Mfr 

Code 

mnr r*_« hi., _ 

ivur rart i\jumDer 

k 1 

01*15-66501 

5 


CHASSIS PARTS 

BOARD ASSEMBLY, STATE DATA ACS. 

26480 

01*15—6*501 

*2 

01615-66502 

6 


BOARD ASSEMBLY, TRIGGER AND CLOCK 

2BRB0 

01615-66S0Z 

A) 

01615-66503 

7 


BOARD ASSEMBLY, MEMORY 

26R60 

01*15-6*503 


01615-66504 

8 


BOARD ASSEMBLY, TIDING DATA ACS. 

2SRB0 

01615-66S0R 

AS 

01615-66517 

1 


BOARD ASSEMBLY, MICROPROCESSOR AND ROM 

28480 

01615-66517 


01613-6*316 

2 


BOARD ASSEMBLY, DISPLAY PROSRAMMER 

20480 

01615-6651* 

kl 

01*15*66513 

9 


board assembly, poker supply 

28480 

01615-66513 

48 

01615-66508 

2 


SOARO ASSEMBLY, MOTHER 

28480 

01615-6*50* 

A 9 

01615-66309 

3 


BOARD ASSEMBLY, PROBE THRE8H0L0/INPUT 

2*RB0 

01*15-**309 

A10 

01615-6*510 

6 


BOARD ASSEMBLY, KEYBOARD 

284B0 

01615—* *510 

A1 2 

01615*66512 

8 


BOARD ASSEMBLY, EXTENDER 

28460 

01615—66512 

*13 

01*11-66503 

3 


BOARD ASSEMBLY, DISPLAY DRIVER 

28480 

01611-6*503 

il 

3160-02*2 

9 

1 

PAN.TBAX Sil-CFM 10S-12SV 50/60-HZ 

0653 A 

.7 60-125KI-21*2-11115 

Cl 

0160-4026 

8 

1 

CAPACITOR-PXD ,2UP 7-2011 BSOVOC ppr 

28460 

0160-402* 

C»l 

1901-07*1 

0 

, 

DICDE-HV RECT 2o*V 600UA 300N8 

27777 

H617 

CR2 

1906-0093 

4 

1 

DIODE-Fw BROS 100V 3!A 

04713 

MDA3501 

DSl 

1990-0529 

3 

1 

LED.VISIBLE LUM.INT«lMCD IPpboMA-MAX 

28480 

S082-RSS0 

El 

0340-0511 

0 

4 

INSULATOR-XSTR KAPTON 

28480 

0340-0511 

E2 

01615-01204 

9 

1 

USED ON Q1 AND 2, U1 AND 2 

STRAP-GROUNDING, BETWEEN MP40 AND MP41 

28480 

01615-01204 

cs 

03*0-0001 

5 

1 

CRT CLAMP GROUNDING 

28R60 

05*0-0001 

Fi 

2110-0014 

3 

1 

FUSE UA ?50V SLD.BLO 1.25X.25 UL 

75915 

31300R 

r\ 

2110-0303 

3 

1 

FUSE 2A 2!0V BL0.8L0 1,2!X,2! UL 

2BRB0 

2110-0303 

HI 

0320-0127 

6 

2 

SCREK-MACH 2-St .188-1 n-ls pan-ho-pozi 

ooooo 

ORDER BY DESCRIPTION 

H2 

0590-007* 

1 

4 

NUT-HEK-PLSTC LKS ll-RO-THD .US-IN-THK 

28460 

O5R0-OO7* 

HS 

1231-0210 

6 


L0CK-8UBMIN D CONN 

28RBO 

1251-0216 

HO 

2100-0011 

8 

m 

(ATTACH hardware for J5 thru JBj 
WASHER-LK INTL T NO. 10 ,195-IN-IO 

28480 

2190-0011 

H5 

2100-001* 

3 

■ 

(FOR A8C1 * A8C2) 

WASHER-LK INTL T 3/8 IN ,377-IN-ID 

28480 

2190-001* 

ha 

2100-0017 

4 

5 

WASHER-LK HLCL NO, 8 ,1*8.IN.ID 

28480 

21R0-0017 

H7 

2100-0010 

6 


WASHER-LK HLCL NO. II , 11 S-IN.ID 

28480 

21R0-001R 

H8 

2190-0037 

8 

1 

WASHER-LK INTL T 1/2 IN ,!12-IN-ID 

28480 

2100-0037 

H9 

2100-000! 

6 

2 

WASHER-LK HLCL NO. 2 .OSS.IN.ID 

2BRS0 

21QO-OORS 

Hi 0 

2100-0010 

6 

2 

WASHER-LK INTL T NO. U ,12-IN.ID 

28480 

2190-0910 

HU 

2200-0101 

0 

5 

SCREW.MACH U.tto , 1 SB.IN-LG PAN.HD.POZl 

ooooo 

ORDER BY DESCRIPTION 

HI 2 

2200-0103 

2 

4 

IFOR MPB2) 

8CREW-MACH 4-40 ,25-XN-LG PAN-HD-PDZI 

OOOGO 

order by description 

Hi 3 

2200-010! 

4 

11 

SCREW-MACH R-RO ,312-IN-LG PAN-HD.POZI 

ooooo 

ORDER BY DESCRIPTION 

Hi 4 

2200-0109 

8 

12 

BCREW.MACH 11.(10 .R3S.IN.LS PAN-HD.POZI 

ooooo 

ORDER BY DESCRIPTION 

Hi* 

2200-0141 

8. 

2 

8CPEW.MACH R.RO ,312-IN.LS PAN.HD.POZl 

ooooo 

order by description 

Hi* 

2200-0143 

0 

4 

(FOR J5) 

BCREW-MACH 4-40 ,375-IN-LG PAN.HD.POZl 

ooooo 

ORDER BY DESCRIPTION 

hit 

2360-011! 

4 


SCREW-MACH *-32 ,312-IN.LO PAN-HD.POZI 

ooooo 

ORDER BY DESCRIPTION 

Hl8 

23*0-0117 

6 

2 

SCREW-MACH 6-32 .37S.IN-LS PAN.HD.POZl 

ooooo 

ORDER BY DESCRIPTION 

H?0 

23*0-0107 

2 

1 

SCREW-MACH *-32 .3TS-IN-LG PAN.HD.POZl 

ooooo 

order BT DESCRIPTION 

H21 

2360-0203 

1 

4 

(TOP OF CRT CURVED SHIELD) 

SCREW-MACH 6-32 ,625-IN-LG PAN.HD.POZl 

ooooo 

ORDER BY DESCRIPTION 

ia 

2420-0001 

5 


NUT-HEx-w/LKwR 6-32-THO .ior-in.thk 

ooooo 

ORDER BY DESCRIPTION 

H?5 

2510-0043 

6 

13 

SCREW. M ACH 8-32 ,312-IN-LG PAN.HD.POZl 

ooooo 

ORDER BY DESCRIPTION 

H?4 

2510-0111 

9 

t 

(HOLD MAIN DECK TO MP*3) 

SCREW-MACH *-32 .TS-IN-LG PAN-HO-POzI 

ooooo 

ORDER BY DESCRIPTION 

H25 

2S10-Q137 

9 


SCREW-MACH 8-32 2.TS-IN-LG PAN-HO-POZI 

ooooo 

ORDER BY DESCRIPTION 

“2* 

2!10-0102 

6 

Cfl 

SCREW-MACH 8-52 .2S-IN-LG 100 DEG 

28480 

2510-0192 

HjT 

2**0-0000 

1 

■i 

SCREW-MACH 10-32 .37S-IN-LG RAN-HO-POZI 

ooooo 

ORDER BY DESCRIPTION 

H 28 

2680-0172 

1 

■l 

CFOR ASCii *6023 

SCPEW-Mach io-32 ,375-IN-LG JOO DEG 

26480 

2680-0172 

H29 

20 !o -0001 

8 


NUT.HEX.DBL.CHAM 3/8-32-THD ,0911-IN.THK 

ooooo 

ORDER BY DESCRIPTION 

H30 

3050-0001 

i 

■' ; 

waBhER-Fl MTLC no. B .172-IN-ID 

28480 

305V-0001 

HjJ 

3050-0010 

2 


WASHER-FL MTLC NO. 4 .IrT-IN-ID 

28480 

3050-0010 

HJ2 

30!0»01!2 

3 


WASHER-8HLDR NO. B .172-in-id .R38-IN-QD 

28480 

3050-0152 

H31 

30i0-025S 

3 


WABKER-FL MTLC NO. » ,117-IN-ID 

26480 

3050-0235 

HU 

3050-0791 

6 

2 

IN8ULATOR-X8TR NYLON 

28480 

3050-0791 

H35 

30!0-0031 

6 


WASHER-FL NM 1 i/s IN 1.12S-IN-ID 

28480 

3050-0931 


1250-00*5 


B 

(FOR ASCI, A8C2) 

CoNNECTCR-RF sue FEM SGL-H 0 LE.FR S0-0H“ 

28480 

1250-0083 

J2 

1250-00*3 

1 


CONnECTOR-RF BnC FEm sSl-HOlE-FR BO-OHm 

26480 

1250-0083 

J3 

1250-0083 

1 


conncctor-rf BNC FEM BGL-MOLE-FR SO-Ohm 

26480 

1250-OOB3 

J4 

1250-00*3 

1 


CONNECTOR-RF BNC FEM SGL-H0LE.FR SO-OHM 

J6R80 

1250-0083 

J5 

1251-4470 

0 

1 

CONNECTOR.AC PwR CEE-22 “ALE REC-FLG 

28480 

1251-4470 


See introduction to this section for ordering information 
indicates factory selected value 
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Model 1615 A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

c 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

LI 

01611*41603 

4 

1 

YOKE ASSEMBLY, COT 

28460 

01611-61603 

MPi 

S0flt-n735 

1 

1 

KEYCAP FORMAT SPECIFICATION 

28480 

5041-0735 

MP2 

5041*066$ 

6 

1 

KEYCAP TRACE SPECIFICATION 

26480 

5041-0665 

MP3 

5001-0661 

2 

1 

KEYCAP LIST 

28480 

5041-0661 

MP4 

50«l-0$55 

7 

1 

KEYCAP TIMING DIAG 

26480 

5041-0655 

MP5 

5041-0954 

6 

1 

KEYCAP CHAN SEQ 

28480 

5041-0954 

MP6 

5001-0765 

5 

1 

KEYCAP AT TRIG WORD 

28480 

5041-0763 

Ml* 7 

5001-0667 

8 

2 

KEYCAP ROLL DISPLAY ARROW 

28480 

5041-0667 

MM 

5001-0667 

8 


KEYCAP ROLL DISPLAY ARROW 

28480 

5041-0667 

MP9 

5041-0666 

7 

1 

KEYCAP FIELD SELECT 

28480 

5041-0666 

MPtO 

504J-0043 

4 

1 

KEYCAP D 

26480 

5041-0043 

MPJ i 

5041-0044 

5 

1 

KEYCAP E 

28480 

5041-0044 

MP12 

3041-0045 

6 

1 

KEYCAP F 

28460 

5041-0045 

MP1 J 

5041*0040 

i 

1 

KEYCAP A 

28480 

5041-0040 

MPJ 0 

5041-0041 

2 

l 

KEYCAP B 

26480 

5041-0041 

MPJ5 

5001-0002 

3 

1 

KEYCAP C 

26460 

5041-0042 


5001-0056 

8 

1 

KEYCAP X DON'T CARE 

26460 

5041-0956 


5041-0682 

7 

1 

KEYCAP 7 

28480 

5041-0662 

K 1 

5001-0655 

6 

1 

KEYCAP 8 

26460 

5041-0663 

H! 

5001-0660 

9 

1 

KEYCAP 9 

26480 

5041-0664 


5041*0820 

5 

1 

KEYCAP DECIMAL POINT 

26480 

5041-0120 

MP2| 

5001-0675 

2 

1 

KEYCAP 4 

28480 

*041-067* 

MPJ2 

5041*0680 

5 

1 

KEYCAP 5 

28480 

5041-0660 

mp?5 

5001-0661 

6 

1 

KEYCAP 6 

26460 

5041-0661 

MPJfl 

5041-0685 

0 

t 

KEYCAP 7 

28480 

5041-0685 

«»« 

5001-0676 

9 

1 

KEYCAP 1 

28460 

5041-0676 

MP26 

5041*0677 

0 

1 

KEYCAP 2 

28480 

5041-0677 

mp2t 

5041-0678 

1 


KEYCAP 3 

26480 

5041-0676 

MP?8 

5061-0301 

7 

l 

KEYCAP BLANK 

28480 

5041-0301 

MP29 

5001-0660 

1 

1 

KEYCAP DECR 

28480 

5041-0660 

MP30 

504J-0659 

8 

1 

KEYCAP 1NCR 

26480 

5041-0656 

mpjj 

5001-0666 

1 

4 

KEYCAP CURSOR ARROW 

26480 

1061-0666 

H*» 

5061-0686 

1 


KEYCAP CURSOR ARROW 

26460 

5041-0686 

MPJJ 

5001-0666 

1 


KEYCAP CURSOR ARROW 

26460 

5041-0666 

MP34 

1001-0666 

1 


KEYCAP CURSOR ARROW 

26480 

5041-0666 

MP35 

5041-0631 

6 

1 

KEYCAP TRACE 

28480 

5041-0631 

MPJ6 

5001-0660 

5 

t 

KEYCAP STOP 

26460 

5041-0664 

MP37 

0370-2989 

3 


KEYCAP LINE POWER SWITCH 

28480 

0370-2666 

Mpie 

01615-0020) 

0 


PANEL. KEYBOARD 

28460 

01615-00201 

MP19 

01615-00101 

1 


COVER, KEYBOARD, BOTTOM 

28460 

01615-04101 

MPflO 

01615-01201 

6 


BRACKET, PROBE CONNECT 

26460 

01615-01201 

MP*1 

5000-0560 

2 


SUPPORT KEYBOARD 

26480 

5040-0564 

MP02 

1000-0507 

1 


CL-LE0-MT5 

26480 

1400-0547 

MP43 

1400-0540 

4 


retainer ring-led clip o.27o-in serrated 

26460 

1400-0540 

MP44 

01615-00205 

6 


PANEL* INPUT 

264*0 

01611-00203 

Mp45 

01615-01202 

7 


bracket, pc board front 

28460 

01615-01202 

MP life 

01611-20101 

9 


SAFETY SHIELD, eRT 

26460 

01611-24101 

MP47 

01611-0060? 

5 

1 

SHIELD, CRT, FLAT 

26480 

01611-00602 

Mp48 

01611-00601 

4 


SHIELD, CRT CURVED 

26460 

01611-00601 

MP49 

1000-0535 

5 

1 

CABLE TIE 1.75-01A .IBS.60 NYL 

264(0 

1400-0335 

MP50 

01615-00101 

3 

i 

MAIN DECK 

26460 

01615-00101 

MP5J 

01615-01203 

8 

l 

BRACKET, LINE SWITCH MOUNTING 

26460 

01615-01203 

»*!! 

01630-23201 

3 


COUPLER, LINE POWER SWITCH 

26460 

01630-23201 

MP53 

01611-23701 

3 

l 

8HAFT, LINE POWER SWITCH 

26480 

01611-23701 

MP54 

01615-04103 

3 

i 

COVER, HP-IB CONNECTOR 

26460 

01615-04103 

MP55 

01615-00200 

7 

l 

PANEL, REAR 

26460 

01615-00204 

MP56 

3160-0092 

3 


pinber guard 

21460 

3160-0062 

MP57 

01615-21101 

7 


HEAT SINK 

26480 

01615-21101 

MP58 

5000-7201 

8 

4 

POOT(STANDARD) 

26460 

5040-7201 

MP89 

5020-6605 

8 


FRAME FRONT 

26460 

5020-6105 

MP 60 

5000-7202 

9 


TRIM, TOP 

26480 

5040*7202 

MP6J 

5001-0440 

1 


TRIM, SIDE 

28480 

5001*0440 

MP62 

5060-0606 

3 


COVER BOTTOM 

28410 

5060-6646 

MP63 

5020-8836 

5 


STRUT CORNER 

26460 

5020-6636 

MP64 

5060-9883 

8 

1 

COVER SIDE WITH HANDLE 

26480 

5060*9663 

MPM 

5060-0603 

2 


STRAP HANDLE ASSEMBLY 

264(0 

5060-6603 

MP66 

5000-7210 

8 


FRONT 

H 

5040-7216 

MP67 

5000-7220 

l 


REAR 

WA - m 

5040-7220 

MP68 

5020-6606 

9 


FRAME REAR 

■ .! Ill 

5020*6806 

MP69 

5061-1053 

9 


COVER TOP 

K...9 

5061-1653 

MPTo 

5060-9916 

8 


COVER SIDE PERFORATED 

21460 

5060*9916 

MP7l 

1400-0016 

9 

l 

CLAMP-CABLE ■75-01A .5-WD Nyt 

21460 

1400-0016 

MP72 

0300-0553 

0 

3 

IN8ULAT0R.FL8.BSHG NyLON BLACK 
(FOR ADJUST POTS ON A9J 

264(0 

0340-0553 

MP 7 3 

1400-0090 

9 


FU8IH01DER COMPONENT FOR USE ON 

CFOR XF1) 

26410 

1400*0090 


See introduction to this section for ordering information 
_ . ^Indicates factory selected value 
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Replaceable Parts 


Table 6-1. Replaceable Parts (Cant’d) 


Reference 

Designation 



Qty 

Description 

Mfr 

Code 

Mfr Part Number 

MP7 4 

1400-0916 

8 

2 

CLAMP-CABLE , 255-01A ,5-WD AB8 
(FOR FAN POWER CABLE) 

95987 

HPC-IS 

MP75 

1580-0*2* 

9 

1 

GASE.GRYSPVG 1616 *,**80 *DP 
(FOR ACCESSORIES! 

28410 

1580-0*21 

MP?6 

5090-0SS* 

0 

1 

EXTERNAL, SLIR.0N 

28880 

5040-05*1 

MP77 

*9*1-11** 

<t 

1 

LABELlSERIAL NO. 

*8880 

59*1-112* 

HP78 

71*0-1*58 

1 


NAMEPLATE .JI2-IN.W0 ,58-IN-LS AL 

28480 

7120-12*4 

MP79 

71*0-8180 

2 


LABEL-IDENTiriCATION 1-IN.WD 2.5-IN-LS 

28480 

71*0-41*4 

MP8o 

71*0-8*88 

3 

im 

label (ON TRANSFORMER ON All) 

28880 

7120-6264 

MP81 

7120-6491 

8 

1 

LABEL, BELOW KEYBOARD 

28480 

7120-6491 

MPSJ 

ft * J 

2 

1 

COVER, “RSSE CA5LE BEHIND MR4e,|N|jDE 62 

issse 

ft J 4S l.Allj fiS 

St 

i85a-e76« 

9 

2 

TRANSISTOR NPN SI PD»90W FT«5MH2 

08713 

MJE1661 

98 

1854-0768 

9 


TRANSISTOR NPN 81 PD«90W FT«5MHZ 

04713 

MJE1661 

»1 

0757-0280 

5 


RE8I8T0R IK 1* 1*5W f TC«0«-100 


C4.1/8.T0.1001-F 

R? 

0757-0280 

3 


RESI8T0R JK IX 125W F TC-0+-100 

. ? v 

C4-1/8.T0-1001-F 

R5 

07*7-0*80 

* 


RESISTOR IK IX ,1?5W F TC«0+-100 

■ ? V 

C4.1/8-T0-1001-F 

R4 

0687.arsi 

2 

1 

RESISTOR 8.7M 10* ,SW CC TCiOFlOOO 

H 1 1 m 

EB4751 

SI 

5101-1720 

2 

1 

SWITCH-PB DPDT 8A 2S0VAC 

28480 

5101-1720 

T1 

0100-80*8 

1 

1 

TRAnSPORMER.POWER PRII 100/120/220/280 

28460 

9100-4054 

Ul 

18*8-02*1 

0 

1 

IC V ROLTR TO-220 

04715 

MC7912CT 

U2 

18*8-0197 

9 

1 

IC 7812 V RSLTR T0-220 

04715 

HC7812CP 

VI 

5061-1250 

9 

1 

CRT 

28480 

5061-1250 

Wl 

81 * 0 - 1*21 

6 

1 

CABLE assy 1 RAWS J-CNOCT JSK-JKT 

( SEE SECTION 2 FOR OTHER POWER CORDS) 

28980 

8120-1521 

W2 

01611-61602 

3 

1 

CABLE, CRT 

28980 

01611-61602 

W3 

01615-61610 

7 

2 

CABLE ASSEMBLY, 5VPS A7 TO Q2 

26480 

01615-61610 

W4 

01615-61601 

6 

1 

CABLE, CLOCK PROBE 

28480 

01615-61601 

W5 

01615-61619 

6 

1 

CABLE ASSEMBLY, PROBE POD 3 

26480 

01615-61619 

W6 

01615-61618 

7 

1 

CABLE ASSEMBLY, PROBE POD 2 

28480 

01615-61618 

W7 

0181**61817 

9 

1 

CABLE ASSEMBLY, PROBE POD 1 

28480 

01615-61617 

W« 

01600-61616 

6 

1 

CABLE ASSEMBLY, A7 TO Ul 

28480 

01600-61418 

W9 

01607-61611 

0 

1 

cable assembly, A7 TO U2 

28880 

01607-6161* 

Wl 0 

01615-61610 

7 


CABLE ASSEMBLY, 5VPS A7 TO Q1 

28880 

01615-61610 

*11 

01615-61608 

a 

1 

CABLE ASSEMBLY,BRIDGE Ti TO CR2 AND A8 

28980 

0161S-6160* 

W|2 

01615-61615 

0 

1 

cable assembly, linw POWER SWITCH 

28480 

01615-6161) 

Wj3 

8120-2*00 

0 

1 


28480 

0120-2*09 

W| il 

01615-61608 

* 

l 

CABLE, INTERCONNECT A3 TO A5 

28480 

01615-6160* 

81* 

01615-61611 

8 

2 

cable assembly, ground strap, long 

28480 

01615-61611 

Wife 

01615-61611 

8 


cable assembly, ground strap, LONG 

28480 

01615-61611 

Wl 7 

01615-61612 

9 

1 

CABLE ASSEMBLY. GROUND STRAP, SHORT 

28480 

01611-61612 

XF1MP1 

2110-086* 

8 

1 

FU8IH0LDER CAP EXTR P3T| BAYONET t 20A 

28480 

2110-0465 

XF1MP2 

2110-0467 

0 

i 

NUT-HEX 1/2-28 THD 0,668 A/F 

75R15 

903-070 

XF1MP3 

2110-0870 

5 

1 

FU8EH0LDER BODV EXTR P8TJ BAVONCTl TND 

7*915 

38500J-010 


See introduction to this section for ordering information 
♦Indicates factory selected value 
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Replaceable Parts 


Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 


01615-66301 

3 

! 

50**0 *SSE M BL V » 5T*TE D*T* *eo. 

28480 

01613-66501 

w 

01*0-1055 

9 

112 

CARACITOR.FxD ,01U7 +00.10* 100V0C CER 

?e«6o 

0160-1055 


0160-1055 

9 


:*b»cito*.**o ,oi up + 00 - 10 * ioovdc ce* 

26460 

0160-1055 

AiCl 

0160-1055 

9 


CAPACITOR-PXO .01UP +00-10* lOOVOC CE* 

26460 

0160-1055 

At Cu 

0160-2033 

9 


caracitor.fxd .oiup +oo-?o* ioovoc Cl* 

?S *80 

0160-1055 

*lC5 

0160-3443 

1 

14 

capacitor-fxd ,iup +*o-io* sovoe ce* 

?8*B0 

0160-1*41 

AlC* 

01*0-2055 

9 


CARACITOR-PXD .OIUP +00-10* 100V0C CE* 

26460 

0160-1055 

AlC? 

01*6-1055 

9 


CtRtCITOR.PXO .OIUP +00-10* 100V0C CE* 

26460 

0160-1055 

AiC6 

01*0-1443 

1 


CAPACITOR-PXD .1UF ♦80-20% 50V0C CER 

26480 

0160-3443 

*lC9 

0160-3443 

1 


CAP4CITOP-FXD ,1UF +80-20% 50V0C C£R 

26460 

0160-3**3 

AlCIO 

01*0-2055 

9 


CARACITOR-PXD .OIUP +00-10X IOOVDC CE* 

26480 

0160-2055 

A « C 11 

0160-2055 

9 


C4R4CITOS-PXO .OIUP +00-10* 100VOC CE* 

28460 

0160-2055 

4|Cl? 

oieo-on* 

7 

12 

caracjtor-fxd iiuP+.io* iovoc r» 

56186 

15001!6X6010B1 

AlCll 

01*0-0??* 

7 


CAPACITOR.PxO 15UP+-10* 10VDC TA 

56289 

1500116X601061 

MC14 

0160-3443 

1 


CARACITOR-PXD .IUP +00-20* 50V0C CER 

26480 

0160-3443 

AtCls 

0160*2055 

9 


CAPACITOR-FXD .OIUP +80-20% IOOVOC CER 

16*00 

01*0-1055 

»lCt* 

0160-2055 

9 


CARACITOR-PXD .OIUP +80.10* IOOVDC CE* 

26460 

0160-2055 

*tctr 

0160-2035 

9 


CARACITOR-PXD .OIUP +00-20* IOOVDC CE* 

26460 

0160-1055 

AtCfB 

oi*o-?055 

9 


CARAClTOR-PxO .OIUP +00-20* IOOVDC CE* 

26460 

0160-1055 

A|Ct» 

oi*o-?o?s 

9 


CARACITD*-PXD ,01UF +00-20* IOOVDC CE* 

10*00 

0160-2055 

MCJO 

0160-2055 

9 


CAPACITOR-PXD .OIUP +00-10* IOOVDC CE* 

?e*eo 

0160-2055 

*lC?| 

0160-2033 

9 


CARAClTOR-PxO .OIUP +00.10* IOOVOC CE* 

?s*oo 

0160-1055 

AlC?? 

Ol*0-?OS5 

9 


CAPACITOR-FXD ,o1 UP +80-20% IOOVOC CER 

26460 

0160-2055 

A|Cn 

01*0-1055 

9 


CAPACITOR-PXD .OIUP +80-20% IOOVOC CER 

10400 

0160-1055 

A1C2* 

0160-2055 

9 


CAPACITOR-PXO .OIUP +60-20% IOOVOC CER 

26460 

01*0-1055 

A 1 C 25 

0160-2033 

9 


eARACITOR.PXO .OIUP +00.10* IOOVDC CCR 

26480 

0160-1055 

•iCjfc 

0160-2055 

9 


CAPACITOR-PXO .OIUP +60-20* IOOVOC CER 

?e«eo 

0160-1055 

A1C17 

01*0-?055 

9 


CAPACITOR-PXO ,6iuP +e0*20% IOOVOC CER 

io*eo 

01*0-1055 

aims 

0160-2055 

9 


CAPACITOR-PXO .OIUP +80-20% IOOVOC CER 

?i*oo 

0160-2055 

A|Cl« 

0160-2033 

9 


CARACITOR-PXD .OIUP +00-10* IOOVOC CE* 

?0*S0 

0160-2055 

*iCso 

01 * 0-2055 

9 


CARACITOR-PXD .OIUP +00-10* lOOVOC CE* 

1S4S0 

0160-1055 

»|CJ1 

01*0-2055 

9 


CAPACITOR-PXO .OIUP +00-10* IOOVDC CE* 

■f !!H 

0)60-1055 

MCI? 

0160-2035 

9 


CARACITOR-PXD .OIUP +00-10* IOOVDC CE* 

3 _ 'tm 

0160-1055 

Men 

0160-2055 

9 


CARACITOR-PXD .OIUP +00-10* IOOVDC CE* 


0160-1055 

licit 

01 6 0-3«6b 

e 

1 

CAPACITOR-PXD 100PP ♦» 10% 1KVDC CER 


0160-3466 

MCJS 

0160-1441 

l 


CARACITOR-PXD .IUP +80-10* SOVOC CER 


0160-3443 

A1C16 

0160-3*41 

i 


CARACITOR-PXD .1UF +*0-10* 50VDC CE* 

28480 

0160-3**3 

azn 

0160-14T0 

4 

4 

CAPACITOR-PXO .OIUP +00.10* 50V0C CER 

26480 

0160-3*70 

AIC3S 

0U0-347O 

a 


CAPACITOR-FXO .OIUP +00-10* 50VDC CE* 

?s*so 

0160-3470 

AIC1* 

0160-3470 

4 


CAPACITOR-PXD .OIUP +60-20% 50VDC CER 

18*00 

0160-1*70 

AIC40 

01*0—3*70 

4 


CARACITOR-PXD .OIUP +00-10* 50V0C CER 

26460 

0160-3470 

A»CBt 

1901-0513 

9 

6 

diooe-ocnottkv 

18*00 

1*01-0515 

aicr? 

1901-0515 

9 


diode-schottky 

28460 

1*01-0515 

A t C RS 

1901-0515 

9 


DIODE-SCHOTTKY 

26480 

1*01-0515 

*ipi 

I?5l-*5«? 

7 

3 

CONNECTOR 26-PIN M P08T TyPE 

26460 

1?51-*5*1 

*ip? 

1151-45*2 

7 


CONNECTOR 26-PIN m P08T TyPE 

26460 

1?51-«5«1 

AlPl 

l?5l-*5Q? 

7 


CONNECTOR 16-pin m ROST TTPE 

is*oo 

1251-4342 

* I ®t 

1051-0016 

2 

5 

TRANSISTOR PNP SI PD«Jto** FT»23oMHZ 

lOaOo 

1651*0016 

MO? 

1051-001* 

? 


TRANSISTOR PNP S! PD»S1Q*N PT»250MHZ 

?s«oo 

lSSl-001* 

*1*1 

0757-0?0* 

7 

lo 

RESISTOR 150 1* ,1150 R TCR0+-100 

26546 

C4-1/6-T0-151-P 

*1*? 

0757-010? 

5 

13 

RESISTOR 111 1* .1150 P TCO0+-100 

24546 

C0-1/8-T0-111R-P 

A|R5 

0690-3646 

3 

2 

RESISTOR 361 1* ,1150 P TC*0+-100 

1*5*6 

C*-l/8-T0-381R-F 

*|R7 

0757-0100 

3 

70 

RESISTOR l« 1* ,1150 P TCR0+-100 

24546 

C4-1/8.T0-1001-P 

MRS 

0757-0100 

3 


RESISTOR IK 1* .1150 P TCRO+-100 

1*5*6 

C4-1/S-T0-1001-P 

M*» 

0757.0?«« 

7 


RESISTOR 150 1* .1150 P TCRO+.lOO 

24546 

C«.l/8.To-15i-P 

*1*1* 

0757-010? 

5 


RESISTOR 111 1* .1150 P TCR0+-100 

1*5*6 

C4-1/6-T0-121R-P 

*1*11 

0757-010* 

7 


RESISTOR 150 1* .1150 P TC«0+-100 

1*5*6 

Cfl-l/S-TQ-151-P 

*1*1? 

0757-01*1 

5 


RESISTOR 111 l* .1150 P TCO0+-100 

1*5*6 

C4-1/S-T0-1I1R-P 

*I*1S 

0757.01*1 

5 


RESISTOR 111 1* .1150 P TC*0+-100 

24346 

C4-I/8.T0-221R-P 

*1*1* 

0757-01*1 

5 


RESISTOR 111 1* .1150 F TC«0+-100 

24546 

C*-l/8-T0-l?lR-P 

*1*H 

0757-oaas 

1 


RESISTOR I.62K 1% .125* P TC«0+-100 

1*5*6 

C4-1/8-T0-1621-P 

* 1*19 

0757-0*18 

1 

' 5 . 

RESISTOR l,*!K It ,1150 P TCROt-lOO 

1*5*6 

Ca.l/S-TO-1621-P 

*1*17 

0757-0*10 

9 

HnW 

RESISTOR *16 1* .1150 P TCRO+.lOO 

1*5*6 

C4-1/S-T0-6I9P-P 

*1*18 

0757-0100 

3 

HI 

RESISTOR IK 1* ,1150 F TC»0+-100 

24346 

C4-1/S-TO-1001-P 

*1*1* 

0757-01*0 

i 

HI 

RESISTOR I* 1* ',125* P TCRO+.lOO 

1*5*6 

CU-l/S-TO-lOOl-P 

*l»?o 

0757-0*31 

8 


RESISTOR 3.11X 1* .1150 R TCRO+.lOO 

1*5*6 

Ca-l/S-TO-llll-P 

*l»?i 

0757.0**1 

9 


RESISTOR 10X 1* ,115o P TCRO+.lOO 

24546 

C*.1/8.T0-1001-P 

MR22 

0757-0*01 

6 


RESISTOR 110 1* .1150 R TCR0+-100 

1*5*6 

CS-l/S-TO-lll-O 

*1*?S 

0698-0137 

5 

12 

RESISTOR 10K ,1* .1150 R TC»0+-50 

26480 

0696.4157 

»!*?« 

0757-0**1 

9 


RESISTOR 10K 1* ,115« P TCR0+-100 

1*5*6 

C«-i/6-TO-1001-P 

*1*?! 

0757-0**1 

9 


RESISTOR 10K 1* .1150 P TC*0+-100 

24346 

c*-i/i-To-iooa-p 

*1*?* 

0757-0**1 

8 

aH E 

RESISTOR 0.23* 1% .123* P TC«0+-100 

24346 

Ca-l/O-To-8251-P 

*1*?7 

0690-5573 

1 


RESISTOR SOK .5% .125* F TC-0+-100 

24S46 

Ca*l/0»T0-5001-0 

*1*?B 

06*0-*157 

5 

_ 

1 

RESISTOR | OK .1% .125* P TC»0+-50 

28400 

0**6-*i57 


See introduction to this section for ordering information 
♦Indicates factory selected value 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 



Description 



RESISTOR 10* .IS .125* F TC60+-50 
RESISTOR 120 2S .125* F TCpOy-IOO 
RESISTOR 1 OK ,!% ,125* F TCPOt-50 
RESISTOR 10* IS .125* F TC»0Y-100 
RESISTOR 10* IS .125* F TC«0*.100 

RESISTOR 8.25* )S .125* t TC«0*-100 
RESISTOR 50K ,5S .125* F TCPO+-100 
RESISTOR 10K .IS .125* F TCpOT- 50 
RESISTOR 10* .tS .125* F TC*0*-50 
RESISTOR 120 2S .125* F TC«0+-100 

RESISTOR 10* .1! .125* F TS*0t-5O 
RESISTOR 10* IS .125* F TC*0A-100 
RESISTOR 10* IS .125* F TC*O*.|00 
RESISTOR S.25* is .125* ' TC»0+-100 
RESISTOR 50* «5S .125* F tCpOt-IOO 

RESISTOR 10* .IS .125* F TC*0+-50 
RESISTOR 10* .IS .125* F TClOA-SO 
RESISTOR 10* IS .125* F TCPOT-lOO 
RESISTOR 10* IS .125* F TC*0T-100 
RESISTOR S.25* IS ,125* F TCROT-100 

RESISTOR 50* ,5S .125* F TClOA.IOO 
RESISTOR 10* .IS .125* F TC»0*-50 
RESISTOR 10* .IS .125* F TC*0*-50 
RESISTOR 10* .IS .125* F TCPOt-50 
RESISTOR 120 2S ,125* F TC*0*-100 

RESISTOR 1* IS .125* F TCiOY-lOO 
RESISTOR 150 IS .125* F TC*0A-100 
RESISTOR 221 IS .125* F TCP0+.100 
RESISTOR 221 IS .125* f TC«0*-100 

TERMINAL TEST POINT RCB 
TERMINAL TEST »OINT RCB 
TERMINAL TEST POINT PCS 

52 1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 

1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 

1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 
1C MEMORY 

1C MEMORY 

0 IC TTL S 256-BIT RAM 11-NS 

11 IC 

IC 

IC TTL 3 2S6-8IT RAM H-NS 


IC MuXR/DAtA-SEL TTL LS R-TO-l-LINE DUAL 
IC MusR/DSTA-SEl TTL LS R-TO-l-LINE DUAL 
IC CNTR TTL S BIN SYNCHRO P0S-ED5E-TRIG 

IC CNTR TTL S BIN SYNCHRO POS-EDGE-TRIS 
IC MUSR/DATA.SFL TTL LS 0.TO.1-LINE DUAL 
IC MUXR/OATA.SEL TTL LS R-TO-l-LINE DUAL 
IC CNTP TTL S BIN SYNCHRO POS.EDGE-TRIG 
IC CNTR TTL S BIN SYNCHRO ROS-EOGE.TRIG 

IC CNTR ECL BIN SYNCHRO rOS-EDGE-TRIG 
IC CNTR ECL BIN SYNCHRO POS-EOGE-TRIG 
IC CNTR ECL BIN SYNCHRO POS-EOGE-TRIG 
IC CNTP ECL BIN SYNCHRO POS-EOGE-TRIG 
IC FF ECL D.TYPE COM CLDC* HE* 

IC GATE ECL AND GUAD 2-INP 
IC GATE ECL NOP GUAD 2-INP 
IC SATE ECL AND QUAD NP 
IC GATE ECL NOR QUAD 2-INP 
IC GATE ECL AND GUAD 2-INP 

IC GATE ECL NOR QUAG 2-INP 
IC 

IC SCHMITT-TRIG TTL Ls NANO 0U*0 2-INp 
IC GATE TTL 3 NANO QUAG 2-INP 
IC EE TTL S J.K BAR CLEAR DUAL 


Mfr Hart Number 


0698-415? 

C4-1/8-T0.1*1-9 
0698-4157 
C4-1/0.TO-IOO2-F 
C4-1/8.T0-1002-F 

C4-1/8-T0-8I51-F 

C4-1/8-T0-5002-D 

0698-4157 

0698-4157 

C4-1/S-T0-121-G 

9698-4157 
C4-1/S-TO-1002-R 
C4-1/S.T0.1002-F 
C4-1/S-T0-S251-F 
C4-1/8-70-5002-0 

0698.4157 

0698-4157 

C4-1/8-T0-1002-F 

C4-1/8.T0-1002.F 

C4-1/8.T0.S151-F 

C4-1/B-T0-5002-0 

0698-4157 

069S-4157 

0698-4157 

C4-1/8-TO-l81-G 

C4-1/8.T0-1001-F 
C4-1/8-TO-l51-F 
C4-1/6-T0-I21R-F 
C4-1/8.T0-221R-F 

ORDER 8T DESCRIPTION 
ORDER BT DESCRIPTION 
oroer by description 

18)6-1092 

1816-10*2 

1816-1092 

1816-1092 

1816-1092 

1816-1092 

1816-1092 

1816-1092 

1816-1092 

I8l6-10«2 

1816-1092 

1816-1092 

1816-1092 

1*16-1092 

1816-1092 

1816-1092 

MCM10IS2L 

1820-2010 

1820-2010 

MCM10152L 

1820-2010 

1820-2010 

SN74LS25SN 

SN74LS253N 

95S16DC 

93816DC 

SN74L8255N 

8N74L8253N 

93S16DC 

93S160C 

rlOOloDC 

F10016DC 

F100160C 

F100160C 

MC10176P 

MC10104P 
MC10102P 
MC 1 01 OOP 
MC10102P 
MC10104P 

MC10102P 

1820-2010 

SN74L8132N 

3N74S00N 

74S109DC 


See introduction to this section for ordering information 
♦Indicates factory selected value 
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Replaceable Parts 


Model IfilbA 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

AIU4+ 

1820-0*09 

8 

7 

IC RCVR ICL LINE RCVR SUAD 2-INP 


MC101156 

*lU47 

1820.o6o9 

8 


IC RCVR ECL LINE RCVR QUAD 2-INR 


MC101159 

AIU4* 

1820*0809 

B 


IC RCVR ECL LINE RCVR QUAD 2-INR 


MCiouff 

A1U4* 

J S2v“0609 

8 


IC RCVR ECL LINE RCVR QUAD 2-INR 


MClOltSP 

ttuso 

1820-0809 

8 


IC RCVR ECL LINE RCVR QUAO 2-INR 


M C10115P 

MU5i 

1(20.0*09 

8 


IC RCVR ECL LINE RCVR 8u*D 2-INR 

04713 

MCioiisp 

»IU32 

1*20-1399 

3 


IC FE ECL 0-TYRE C0 M CLOCK ME* 

04713 

MC10I76R 


1*20-1399 

3 


IC FR ECL 0-TVPE COM CLOCK Hex 

04T13 

MCI01T6P 


1629-1599 

3 


IC FR ECL 0-7YRE CON CLOCK HEK 

04713 

MC10I76F 


1*20-1399 

3 


IC FF ECL 0-TYRE CO** CLOCK HE* 

04713 

MCI0I76R 


1*20-1173 

1 

6 

IC XLTR ECL TTL-TO-CCL OUtO 2-INR 

0471 3 

MC10124L 


1626*0524 

6 

2 

IC OR 4NP OR OUtO 10-0IR.R 

27014 

L M 324AN 

/ '$55?. 

1*29-0329 

6 


IC OR tMR OR OUtO 10-Dlp.R 

27014 

L*32«*N 


1*10-0273 

9 

26 

NETwORK.RES 10-SIP470.0 0H« X 9 

01121 

210*471 I 


1810-0273 

9 


NETWORK.RES 10-SIR470.0 0MN x 9 

01123 

210*471 

AlU*l 

1*10-0273 

9 


NETWORK.RES 10-8IR470.0 OMN X 9 

01121 

210*471 

MU62 

1*10-0273 

9 


NEThORK-RES 10-SIRII70.0 OHM x 9 

01121 

210*47} 

*1U6| 

1*10-0273 

9 


NETWORK-RE* 10-SIP4T0.0 OHM X 9 

01121 

210A4T1 

*tu*4 

1*10-0273 

9 


NETWORK-RES 19-SIR470.0 OHM X * 

01121 

210A47I 

MUM 

1*10-0273 

9 


NETwORK-RES 10-8IR470.0 OMM X 9 

01121 

210*471 

MU66 

1*10-0273 

9 


NETWORK.RES 10-SIP470.0 OHM X 9 

01121 

210*471 

MUST 

1810*0273 

9 


NETWORK.RES 10-SIP470.0 0H“ X 9 

01121 

210*471 

M*U)T 

1200-0607 

0 

19 

SOCKET.IC 16-CONT DIR.SLDR 

28480 

1200-0607 

*t*U20 

1200-0607 

0 


socKer.ic is.cont dir-sldr 

28480 

1200-0607 

*2 

01615*66502 

6 

1 

BOARD ASSEMBLY# TRIGGER AND CLOCK 

28480 

01615-66502 

*?c 1 

01*0-0229 

7 


CtRtCItOR-FxO 13UF+-10X lovoc ft 

■T 1 

1500336**01012 

*?c? 

0180*0229 

7 


CAPACITOR.FxO 33UF*-10X 10VOC TA 

jt' | 

1500336X901082 

A?CJ 

0160-2055 

9 


CAPACITOR.FxO ,0IUF *80.20* 100VDC Ct* 

WtTfl 

0160-2055 

*?c« 

0160-2200 

6 

4 

CAPaCITQR-FxO 03PF *.** 300VDC MICA 

28460 

0160-2200 

A?C5 

0160*3646 

U 

! 

CAPACITOR.FxO 220RF *.10* 1KVDC CER 

28480 

0160-3446 

*?c» 

0160*2200 

6 


CAPtCITOR.FXO (|JPF +.** 300VOC MJCA 

?848q 

0160-2200 

A?C7 

0100-0192 

9 

3 

CAPACITOR-FXO 6SPF +-5* 300VDC MICA 

72136 

DM15E6B0J0J00*V1C« 

A?C8 

0140-0198 

5 

2 

CAPACITOR.FXO JOORF ♦•** 300V0C MICA 

72136 

0“lSFjoiJo300«ViCR 

*2C9 

0|«0-0192 

9 


CAPtCITOR.FXO 6*PF ♦-** 300V0C MICA 

72136 

D W 15C660J0J00WV1CN 

sect o 

0100-019* 

5 


CA»tCIT0R-FX0 200RF ♦.** 300VDC “ICA 

71136 

D M 15f r 201J0100«viCP 

*2Cii 

0160-2055 

9 


CARACITOR-FXO .01UF *00.20* lOOVOC CE* 

26480 

0160-2055 

42C 1* 

0160-20** 

9 


CAPtCITOR-FXO .01UF *80-20* lOOVOC CER 

28480 

0160-2055 

MCI J 

0160-2055 

9 


CAPACITOR-FXO ,01UF *80-20* lOOVOC CER 

26480 

0160-2053 

Men 

0160-2200 

6 


C*»*CITOR.FXO 43PF ♦-** 300V0C MICA 

28480 

0160-2200 

‘ecu 

0160-2198 

t 

9 

C*P‘CIT0R-FX0 20RF ♦•** 300VDC MIC* 

26460 

0160-2198 

MCl* 

0190-01<2 

9 


CAPACITOR-FXO 6*PF *.** 300VOC MICA 

72136 

DMi5(680J0300WVlCR 

MCt T 

0160-2055 

9 


CAPtCITOR.FXO ,01UF *80-20* lOOVOC CER 

26460 

0160-2055 

A?C i J 

0160-2055 

9 


CAPACITOR-FXO ,01UF *80-20* lOOVOC CER 

28460 

0160-2055 

A*C|* 

0160-2198 

i 


ctPteiTOR-Fxo eo»f *.;« 3oovoe mica 

28480 

0160-2198 

»*cjo 

0160-20** 

9 


CAPACITOR-FxO ,OIUF *80-20* lOOVOC CER 

28460 

0160-2033 

MCJI 

0160-20** 

9 


CAPACITOR-FXO .OIUF *80-20* lOOVOC CER 

26480 

0160-2055 

*?C 22 

0160-2055 

9 


CAPtCITOR.FXO ,otUF *80-20* lOOVOC CER 

28480 

0160-2055 

*2C23 

0160-2055 

9 


CAPACITOR-FXO .OIUF *80-20* lOOVOC CER 

28480 

0160-2055 

*eCjo 

0160-2055 

9 


CAPACITOR-FXO .OIUF +80-20* lOOVOC CER 

28480 

0160-2055 

*2^23 

0160-3«a7 

5 

6 

CARACITOR-FXO 4T0PF +-10* 1KVDC CER 

2S460 

0160-3447 

tec 

0160-3447 

5 


CAPACITOR-FXO 470PF +-10X 1KV0C CER 

26480 

0160-3447 

teC27 

0160-3447 

5 


CAPACITOR-FXO 470RF *-10* 1KVOC CER 

26480 

0160-3447 

1? C28 

0160-3447 

* 


CAPtCITOR.FXO 470RF *-10* 1KV0C CER 

26460 

0160-3447 

A2C29 

0160-3447 

5 


CARACITOR-FXO 470RF +.10* 1KV0C CER 

26460 

0160-3447 

tjejo 

0160-2204 


4 

CAPACITOR.FxO 100PF ♦.** 300VDC MICA 

28460 

0160-2204 

tjCll 

0160-2055 

9 


CAPACITOR-FXO .OIUF *80-20* lOOVOC CER 

26460 

0160*2055 

*2C32 

0160-2055 

3 


CARACITOR-FXO .OIUF *80-20* lOOVOC CER 

28480 

0160*2055 

A2C33 

0160-20** 



CARtCITOR-FXD .OIUF *80-20* lOOVOC CER 

28460 

0160-2055 

t«C]« 

0160-20** 

us 


CAPACITOR-FXO ,0|UF *80-20* lOOVOC CER 

26480 

0160-2055 

A2C3S 

0160-2055 



CARACITOR-FKD .OIUF *80-20* lOOVOC CER 

26480 

0160-2055 

t?CJS 

0160-20S* 

El 


CAPACITOR-FxO .OIUT +80-20* lOOVOC CER 

26480 

0160-2055 

»2CJ7 

0160-2055 

El 


CARACITOR-FXO ,OIUF +80-20* lOOVOC CER 

28480 

0160-1055 

■ - 1 , 

1901-0*3* 

J 


DIODE.8CHOTTKY 

26480 

1901-0535 

K :-1 i 

1901-0*3* 

Or 


OIODE-ICHOTTKY 

28480 

1901-0535 

H II 1 

1901-0*3* 

9 


oiooe-seHOTTKY 

28480 

1961-0333 

t*ii 

01MS-81301 


D 

JUMPER CLIP. 08A 

28480 

01613-81301 

*2Ji 

1200-0971 


B 

CONNECTOR.SSL CONt 8*T ,016-IN.8SC-82 

284*0 

1200-0475 

M?i 

07*7-02*0 ! 

n 


RI8IIT0R lK l* ^12SW F TCRO+-IOO 

24546 

C4-1/8-T0-1001-F 

»!?« 

07*7-0*29 

rJ 


RESISTOR 1.82K j* ,12*W F TCROt-lOO 

24346 

C«-l/l-70-iS2i-F 

*rj 

07*7-0280 

[■ 

11 ■ 

RESISTOR IK i* ,12*W F TCp0*-100 

24346 


* ?*< 

07*7-02*0 

M 


RESISTOR IK 1* .1*5* F TCpO+.IOO 

24346 

C4.1/8.T0-10O1-P 

A J»5 

07*7.0929 

| 

H 

RESISTOR 1.82K it ,12*W F TC»0*-100 

24346 

C4.1/I.T0-1821-F 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 



Qty 

Description 

Mfr 

Code 

Mfr Part Number 


0757-0^10 

1 

20 

RESISTOR 301 1* .1250 F TC«0+-180 

2*5*6 

C4.1/8.T0.S01R-F 

»jR7 

0757-o*io 

i 


RESISTOR 301 1* ,125ft F TC»0*.100 

2*5*6 

C4-1/S.T0.301R-F 


0757-0410 

1 


RESISTOR 301 13 ,125ft F TC»0+»!00 

2*5*6 

C4.1/8.T0-301R-F 

A?R9 

0757-0*1# 

1 


RESISTOR 301 1* ,125ft F TOO*.100 

24546 

Cfl.l/S.TO.lOlR.F 

*?RlO 

2100-3351 

6 

7 

RESISTOR.TRWR 500 10* C SI0E-A0J t-TRN 

28*80 

2100-3351 

*?Rll 

2100-3351 

6 


RESISTOR.TRPP 5oO 10* C SI0E-A0J 1-TRN 

28*80 

2100-3351 

A?R) ? 

2100.1351 

6 


RESISTOR.TRWR 500 10* C SIOE-AOJ 1-TRN 

28460 

2100-3351 

»jRn 

2100.3351 

6 


RESISTOR.TRWR 500 10* 0 SICE-AOJ 1-TRN 

28*60 

2100-3351 

»aRt4 

0757.0407 

6 

11 

RESISTOR 200 1* ,1251* F TC40+-100 

24546 

C4.1/S.TO-201-F 

A2R15 

0757-0*07 

6 


RESISTOR 200 1* ,125ft F TC«0*-100 

2*5*6 

C4-1/S.T0-2O1-F 


0757-0*0? 

6 


RESISTOR 200 i % ,i25tf f TC-0+-I00 

c * 5*6 

V»"JF9" I W— — U * - • 

A2R\7 

0757-0007 

6 


RESISTOR 200 1* ,125ft F TCR0*.100 

2*5*6 

C4.1/8.70-201-F 


0757.040? 

6 


RESISTOR 200 1* ,125ft F TC«0».100 

2*5*6 

C4.1/S.T0-201-F 

*2R|« 

0757.0407 

6 


RESISTOR 200 1* ,125ft F TC»0+-100 

2*5*6 

C4-1/S.T0-201-F 

i?Rro 

0757.0407 

6 


RESISTOR 200 1* , 125ft F TC*0*-100 

2*5*6 

C4-1/B.T0-201-F 

»JRJ1 

0757.0407 

6 


RESISTOR 200 1* ,125ft F TCRO+.IOO 

2*5*6 

C4.1/B.T0.201-F 

A2R22 

0757.0284 

7 


RESISTOR 150 1* ,125ft F TC»0*-100 

2*5*6 

C*-l/B-T0-l51-F 

*?R?5 

0757.02*4 

7 


RESISTOR 150 1* ,125W F TC«0*-100 

2*5*6 

C4.1/S.T0-151-F 

»?Rja 

0737-028* 

7 


RESISTOR 150 1* .12SW F TC40+.100 

2*5*6 

C*-l/8-T0-l5i-F 

*Ir?s 

0757-0280 

3 


RESISTOR IK 1* ,125ft F TC«0+.100 

24546 

C4.1/8.TO.1001-F 

62R26 

0757-0410 

1 


RESISTOR 301 1* ,125ft F TC«0*.100 

24546 

C*-l/8-TO-301R-F 

A2R2T 

0757.0410 

1 


RESISTOR 301 1* ,125ft F TC»0*-100 

24546 

C*-1/8»TO-301R-F 

A2R28 

0757.0280 

3 


RESISTOR IK 1* ,125ft F TCfOT-100 

2*5*6 

C*-l/8-TO-l001-F 


0757-0280 

3 


RESISTOR IK JX 1 ? 5 W F TC«0 + -100 

24546 

C4-1/8.T0.1001-F 

*2838 

0737-0*119 

0 

5 

RESISTOR 661 1* ,125ft F TC»0+.100 

24546 

C4-1/8.T0-681R.F 

A»Rsi 

0757-0*19 

0 


RESISTOR 661 1* ,125ft F Tt»0*-100 

24546 

C4-1/B.T0-6S1R.F 

*?Rja 

0757-0*16 

7 

7 

RESISTOR 511 1* ,125ft F TCftOt-ton 

24546 

C4.1/8-T0.511R.F 

A 2*35 

0757-0418 

9 


RESISTOR 614 1* ,125ft F TC«0+-100 

2*5*6 

C4.1/8.T0-619R-F 

*jRJ6 

0757-0274 

5 

1 

RESISTOR 1,21K 1* ,125ft F TCftOt-100 

2*5*6 

C4.1/S.TO.1213.F 

*2*37 

0646.0082 

7 

3 

RESISTOR 464 1* ,125ft F TC40*.100 

2*5*6 

C4-1/8.T0.4640-F 

42R38 

0698.0084 

R 

3 

RESISTOR 2,15k 1* ,125ft F TC*0*-100 

2*5*6 

C4.1/8.T0.2151-F 

A?R39 

0698-1151 

7 

3 

RESISTOR 2.STK 1* ,125ft F TC»0*»t00 

2*5*6 

C4.1/8.T0.2871-F 

42RA0 

0698.0082 

7 


RFSISTOR 464 1* ,125ft F TC»0*-100 

2*5*6 

C4.1/8.T0.4640.F 

»?R«< 

0757-028* 

7 


RESISTOR 150 1* ,125ft F TC»0*-100 

2*5*6 

C4.1/B.T0-151-F 

A2R«2 

0698.0082 

7 


RESISTOR 464 1* ,125ft F TC*0*.100 

2*5*6 

C*-l/8-T0«*6*0-F 

»?R«J 

0757.0280 

3 


RESISTOR IK ix ,1?5W F TC*0+-100 

2*5*6 

C4.1/8.T0.1001-F 

*?R«0 

0757-0*1* 

5 

3 

RESISTOR 432 1* .125" F TC*0*-1oo 

2*5*6 

C4.I/8.T0-432R-F 

*2R45 

0757-0*21 

* 

1 

RESISTOR 825 t* ,125ft F TC»0*-100 

2*5*6 

C4-1/S-T0.825R-F 

A3R*6 

0757-0280 

3 


RESISTOR IK 1* ,125ft F TC4O+-100 

2*5*6 

C4-1/8-TO-1001.F 

A2R4T 

0757-039* 

0 

* 

RESISTOR 51.1 !* ,125ft F tC«0*-100 

2*5*6 

C4.1/8.T0.51R1.F 

AsR48 

0757-03*6 

2 

* 

RESISTOR 10 1* .125# F TOO + -IOO 

2*5*6 

C4.1/8.T0.10RO.F 

A2R*9 

0757.0407 

6 


RESISTOR 200 1* ,125ft F TCiO+.lOO 

2*5*6 

C4-1/8.T0-201.F 

»?RRl 

0757-0*18 

9 


RESISTOR 614 1* ,125ft F TC40+-100 

24546 

C4-1/8.T0.619R.F 

12*52 

0757.0280 

3 


RESISTOR IK IX .135* F TCsO±=13C 

3*5*6 

C4.1/S.T0.1001-F 

A2RS3 

0757-0280 

3 


RESISTOR IK 1* ,125ft F TC40+-I00 

2*5*6 

C4-1/S.T0-1001.F 

*2*54 

0757-03*6 

2 


RESISTOR io IX ,125* F TC«0+-100 

2*5*6 

C4-1/8.T0-10R0.F 

*?R55 

0757-03*6 

2 


RESISTOR to 1* ,125ft F TC«0*.|00 

2*5*6 

C4-1/B.TO-IORO.F 

*?RS6 

0757-028* 

7 


RESISTOR 150 1* ,125ft F TC*07-100 

2*5*6 

C4-1/S-TO-t 51*F 

A2R57 

0757-028* 

7 


RESISTOR 150 1* , 125ft F TCi0*-100 

24546 

C4.1/8-T0.151-F 

‘2*58 

0757.0403 

2 

2 

RESISTOR 121 1* ,125ft F TC*0*-100 

2*5*6 

C4.1/8.T0.121R-F 

*2R59 

0757-0*03 

2 


RESISTOR 121 1* ,125ft F TC»0*.100 

2*5*6 

C4-1/S-T0.I21R-F 

*2R60 

0757-028* 

7 


RESISTOR 150 1* ,125ft F TC*0*-100 

2*5*6 

C4.1/S.T0.151.F 

i2»6i 

0757-0250 

3 


RESISTOR IK 1* ,125ft F TC«0*-100 

2*5*6 

C4-1/S.T0.I001-F 

A2R62 

0757-0280 

3 


RESISTOR IK IX .125* F TC«0+-100 

2*5*6 

es-l/S.TO.IOOl.F 

A?R61 

0757.0280 

3 


RESISTOR IK 1* ,125ft F TC»0*-100 

2*5*6 

C*-l/8-TO*1001«P 

*2R64 

0757-0280 

3 


RESISTOR IK ix ,125# F TC»0t-100 

■ !!!» 

C4-1/6.TO-1001.F 

*2*65 

0757-0280 

3 


RESISTOR IK IX ,125# F TC«0+-100 

V! - ! HI 

C4-1/8-TO-1001-F 

42 R66 

0757-0280 

3 


RESISTOR IK 1* ,125ft F TC»0*.100 

V ! -! 5$ 

C*-l/6.TO.1001*F 

A2R67 

0757.0280 

3 


RESISTOR IK 1* ,125ft F Te"0*-100 

V: -! S 

C4-1/8.T0-1001-F 

A2R4S 

0757-0280 

3 


RESISTOR IK 1* ,125ft F TC«0+-100 

Bu.I 

C4-1/8.T0-1001-F 

*?R6« 

0757-0*10 

1 


RESISTOR 301 1* ,125ft F TC»0*-I00 

2*5*6 

C4.1/8.T0.101R.F 

a?R7o 

0757-0410 

1 


RESISTOR 301 1* ,125ft F TC«0*-100 

24546 

C4-1/8.T0-301R.F 

A2TP1 

1251-2229 

3 

* 

CONNECTOR-SGL CONT SKT ,033-IN-BSC-SZ 

28*80 

1251-2229 


1251-aoa? 

5 

* 

SOCKET-GROUND SPRING STEEL, 0.190 IN ID 

28*80 

1251-4045 

A2TP? 

1251-2229 

3 


CONNECTOR-SGL CONT SKT ,033-IN-BSC-SZ 

28*80 

1251-2229 


1251-*0*5 

5 


SOCKET-GROUND SPRING STEEL, 0.190 IN ID 

28*80 

1251-4045 

A3TP3 

1251-2229 

3 


CONNECTOR-SGL CONT SKT ,033-IN-BSC-SZ 

26*80 

1251-2229 


1251-00*5 

5 


SOCKET-GROUND SPRING STEEL, 0.190 IN ID 

28*80 

1251.4045 

A?TRo 

1251.2224 

1 


CONNECTOR-SGL CONT SKT ,033-IN-BSC-SZ 

2 S 4 S 0 

1251*2229 


1c"1 — *0** 

■ 


crjPKPT.PRr!! !WH cooimc ctcci r> ion iki jr> 

■s»jU In 

« 3( ( -itsul 

A2TPS 

0360-0535 

0 


terminal test foint fcb 

00000 

ORDER ST DESCRIFTION 

A?T»6 

0360-0535 

0 


terminal test foint fcb 

00000 

ORDER ST DESCRIPTION 

A2TF7 

0360-0535 

0 


terminal test foint fcb 

00000 

ORDER 8Y DESCRIPTION 

t;Ui 

1820*0809 

8 


IC RCVR ECU line RC9R QUAD 2-INF 

04713 

MC1S115F 

*JU? 

1820-1173 

1 


IC XLTR ECL TTL-TO-ECL OUAD 2-INF 

0*713 

MC10I24L 

»?UJ 

1820-1*33 

6 

9 

IC 8HF-RSTR TTL L8 R-S SERIAL-IN PRL-OUT 


8N7*L816*N 

aIu« 

1820-1217 

4 

2 

IC MUxR/DATA.SEL TTL LS S.TO-i-LINE 

Bmn 

IN74LIH1N 

A2U5 

1820-1941 

1 

3 

IC CNTR TTL LS OECD DUAL 4-BIT 

■n 

SN74LS190N 


See introduction to this section for ordering information 
^Indicates factory selected value 
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Replaceable Parts 


MnHpl 1 fil n A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

*2U» 

1820-199! 

1 


IC CNTR TTl L8 DECO DUAL 4-SIT 

01245 

SN74LS390N 

*2U7 

1820-1991 

1 


IC CNTR TTL 13 DECO DUAL 4-8IT 

01245 

S^74LS390N 

*2U8 

1820-0686 

9 

2 

IC GATE TTL S AND TPL 3-INP 

01295 

8N74S11N 

a?U9 

1820-1475 

6 


IC CNTR TTL 8 5IN SYNCHRO PQS-EDGE-TRIS 

0T2*3 

93S14DC 

ijUid 

1820.1410 

3 

20 

IC CNTR TTL LS SIN SYNCHRO PQS-EDGE-TRIG 

01295 

SN74LS161AN 

*2Ul 1 

1820*1450 

3 


IC CNTP TTL L3 BIN SYNCHRO P03-EDGE-TRIG 

01295 

SN74L3161AN 

42U12 

1520-1430 

3 


IC CNTR TTL LS BIN SYNCHRO P0S-E0GE-TRIG 

01295 

3NT4L81*1AN 

A2UI3 

1820-147? 

6 


IC CNTR TTL S BIN SYNCHRO POS-EDGE-TRIG 

07263 

93SU0C 

A2U14 

1820-1225 

4 

3 

IC FF ECL D-M/S DUAL 

0471 3 

MC10211P 

42U15 

1*20-1225 

4 


IC PE ECL D-M/S DUAL 

04713 

MC10231P 

A2UI6 

1820-2010 

7 


IC 

28480 

1820-2010 

A2U17 

l820-0653 

6 

1 

IC INv TTL 8 HE* 1 -IN* 

01245 

3N74804N 

A2UIS 

1820-1*92 

2 

1 

IC CNTR TTL LS OECD 4-BIT 

3*335 

AM25LS1*0PC 

A2U19 

1820-1158 

2 

3 

IC GATE TTL S AND-09-INv DUAL 2-INP 

01245 

3NT4851N 

*2U20 

1820-0603 

8 

7 

IC FF TTL 8 D.TyPE POS-EDGE-TR15 

01295 

SN74S74N 

*2U2I 

1820-0681 

6 

12 

IC GATE TTL S AND-OR-INV 

01245 

3N74364N 


1820-1433 

6 


IC SHF-RQTR TTL LS R-S SERIAL-IN PRL-0UT 

01295 

8N74LS164N 


t82fl-iajj 

6 


IC 3WP-RGTR TTL LS R-S SERIAL-IN PRL-0UT 

01245 

SN74LS164N 


1820-1433 

6 


IC 3HP-RGTR TTL IS R-3 SERIAL-IN PRL-0UT 

01245 

3N74LS164N 


1820-1730 

6 

5 

IC FF TTL LS D-TYPE P0S-EDGE-TRIG CO* 

01295 

SN74LS27JN 


1820-0817 

6 

6 

IC FF ECL D-M/S DUAL 

04713 

MC10131P 

Hp-' 

1820-2010 

7 


IC 

28480 

1820-2010 


1*20-1173 

I 


IC *LTR ECL TTl-TO-ECL QUAD 2-INR 

04711 

MC10124L 


1820-068J 

6 


IC GATE TTL S AND-OR-INV 

01295 

SN74S64N 


1820-0681 

6 


IC GATE TTL S AND-OR-INV 

01295 

SN74S64N 

42U1! 

1820-0681 

4 


IC GATE TTL S NANO QUAD 2-INP 

01295 

8N74S00N 

‘2 U32 

1820-1070 

t 

2 

IC DRvR TTL NOR QyA0 2-INP 

01245 

SN74128N 

*2U3S 

1820-1158 

2 


IC sate TTL 8 AnO-OR-INV DUAL 2-INR 

01295 

8N74I51N 

»2U34 

1820-1372 

2 


IC FF TTL S J-K IAR CLEAR DUAL 

072*3 

74S109DC 

*2U35 

1820-1425 

6 


IC SCHMITT-TRIG TTL L8 NANO QUAD 2-lNR 

01293 

8N74L8132N 

*2U16 

1820-0**1 

6 


IC GATE TTL 9 AND-OR-INV 

01295 

8N 74864N 


1820-1048 

4 

1 

IC GATE TTL S OR QUAD 2.INP 

01245 

8N74812N 

H. -3 ■ 

1820-0*43 

8 


IC ** TTL 8 0-TT*E P08-EDGE.T4I8 

01295 

8N74S74N 

nr .W >r; 

1820-1831 

6 

1 

!C GATE ECL OR QUAD 2-INP 

04713 

MC10103L 

*2U«0 

1820-194* 

6 

2 

IC GATE ECL DUAL 

04713 

MC1011TL 

A?uai 

1*20-1320 

0 

1 

IC RCVR ECL LINE RCVR TPL 2-INP 

0471 3 

MC10218L 

‘?U«* 

1820-0*02 

1 


IC GATE ECL NOR QUAD 2-INR 

04713 

MClOlOPP 


1820-1173 

1 


IC XLTP ECL TTL-TO-ECL QUAD 2-INP 

04711 

“C10I24L 

Bill 

1820-0*41 

6 


IC GATE TTL S ANO-OR-INv 

01295 

8N74864N 


1820-0**1 

6 


IC GATE TTL 8 ANO-OR-INv 

01295 

8N74884N 

*2U46 

1820-0*41 

6 


IC GATE TTL 8 ANO-OR-INV 

01245 

8N74I64N 

A?U47 

1820-1322 

2 

1 

IC GATE TTL S NOR QUAD 2-INP 

01245 

8N74S02N 

»?U«8 

1820-0*24 

0 

2 

IC FF TTL 3 J.K NEG.E00E.TRIG 

01295 

SN74S112N 

A2U09 

1820-0*82 

5 

1 

IC gate TTL 8 nano QUAD 2-In* 

01245 

8N74I03N 

*2U50 

1820-0*81 

4 


IC GATE TTL 8 NANO QUAD 2-INR 

01295 

8N74300N 

A2USf 

1820-1201 

6 

3 

IC 0*TE TTL L9 AND QUAD 2-INR 

01295 

SN74L808N 

*24)52 

1820-1*25 

6 


IC SCHHJTT.TRje TTL LS NANO QUAD 2-INP 

01245 

8N74LSS32N 

h. ! - 

1820-1418 

2 

4 

IC BFR TTL L8 LINE ORVR OCTL 

01245 

8NT4LS241N 


1810-0273 

4 


NETWORK-PIS 10-8IP470.0 OHM X 9 

01121 

210*471 

1 1 ’ 

1810-0273 

4 


NETWORK-RES I0-8IP4T0.0 OHM * 4 

01121 

210A471 

KiSi 

1*10-0273 

4 


NETWORK.RES 10-IIR4T0.0 OHM * 9 

01121 

210*471 

*2057 

1810-0273 

4 


NETWORK-RES I0-8JP470.0 OHM X 9 

01121 

210*471 

**V*1 

1402-3070 

5 

2 

OlOOe-INR 4,22v 5* Oo.T »0*.4W tCw-,0381 

28480 

1902-3070 

*IV8P 

1402-3070 

5 


0I00E-2NR 4.22V St DO-7 RD*,4w TC>-.03BX 

28480 

1902-3070 

* 2 *uu 

1200-0*07 

0 


SOCKET.IC 1*-C0NT DIR-9LDR 

28480 

1200*0607 

A?*U15 

1200-0*07 

0 


80CKET-IC 1S-C0NT DIP-8LD4 

28480 

1200-0*0? 

A2XU2* 

1200-0*07 

0 


SOCKET.IG lfc-CONT DIP-8L0R 

28480 

1200-0*07 

»27i 

0410-1032 

1 

1 

CRYSTAL-QUARTZ 20.00000 *HZ 

284*0 

0«10-I032 

*3 

01615-66503 

7 

1 

BOARD ASSEMBLY, MEMORY 

26480 

01*15.**503 

»3Cl 

01*0-2200 

6 


CARACITOR.FXD 4JRF +-5X 300VDC MICA 

28460 

0160*2200 

*1C2 

0160-2148 

1 


CAPACITOR.FxO 2oPF +-SX 300VDC «ICA 

28480 

0160-2191 

*1C3 

0160-2148 

1 


CAPACITOR.FxO 20PP *-5X 300V0C MICA 

28480 

01*0-2148 

A 3 C 4 

0180-0229 

7 


CARACITOR.PXO 33UP+-18X 10VDC TA 

36289 

150D33*X401082 

*lC5 

01*0-3802 

6 

1 

CARACITOR-PXO 1S0PF ♦ • 101 100V0C CER 

28480 

0160-3802 

»1C6 

0160-2055 

9 


CARACITOR-PXO .01UF *80-20* I00VOC CER 

26460 

0160-2055 

fTt7 

0160-2055 

9 


CAPICITOR.FXD .OIUF *80-20* lOOVOC CER 

28480 

0160*2053 

*3C6 

01*0-2055 

9 


CARACITOR.PXO .OIUF *80-20* lOOVOC CER 

26480 

01*0-2055 

A3C9 

01*0-2055 

9 


CARACITOR-FXO .OIUF *80-20* 100VDC CER 

28460 

0160*2055 

A3C10 

0160-2055 

9 


CAPACITOR-FXD .OlUF *80-20* lOOVOC CIS 

28480 

0160*2035 


01*0-2055 

9 


CARACITOR-FxO ,01uP *80-20* lOOVOC CER 

28480 

01*0-2055 


01*0-2055 

9 


caracitor.fxd .oiup +80-20* ioovoc cer 

284*0 

0160*2055 

^ETaFl't.: 1 : 0 - 

01*0-2055 

9 


CARACITOR-FxO .OluF *80-20* UOVDC CER 

21480 

0160*2013 


0160-2055 

9 


CARACITOR-FxO .oluP *80-20* lOOVOC CER 

2*4*0 

0160*2055 

■ 

01*0-2055 

9 


CAPACITOR-FXD (OIUF +80-20* lOOVOC CER 

2*480 

0160-2055 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

UID Dort 

III 1 til L 

Number 

r- 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

ASC to 

■ IIIIIIIIM 

9 


CAPACITOR.5x0 ,01U' *80-20* 100VOC C£R 

28080 

0160-2055 

*3C 1T 

0160-2055 

9 


CAPACITOR-PXO .OiUF ♦80.20* lOOVBC CER 

28480 

0160-2055 

»jc«s 

0160-2055 

9 


CAPACITOR.PXO »01llF *80-20* lOOvOC CER 

28480 

0160-2055 

43C19 

0160-2055 

9 


CAPACITOR.Pxo .OiuF *80-20* lOOvDC CER 

28480 

0160-2055 


01615-5150! 

5 


JUMPER CLIP, 094 

28960 

01615-81301 


01615-51301 

5 


JUMPER CUP, DS4 

26480 

01615-61301 

*JJl 

1200-0*175 

0 


CONNECTOR.SOU C0NT SKT .016-IN.8SC.SZ 

28980 

1200-0975 

43R1 

0757-0515 

9 


RESISTOR 619 lx ,125*1 P TC*0*-100 

24546 

C9-1/8-T0-619R.F 

A3R2 

0757-0416 

7 


RESISTOR 511 1* ,125* F TC"0*-100 

24546 

C4-1/8-T0-511R-F 


0689.9711 

a 

a 

RESISTOR 470 10% .25* FC 7£s®400/*6QO 

nitai 

C14 711 

A3«4 

0695-3151 

7 


RESISTOR 2.STK 1* ,125« F TC»0*-100 

24546 

C«-l/B-T0-2871-F 

A3R5 

0698-0084 

9 


RESISTOR 2.15K 1* ,1258 F TC«0*-100 

29596 

C9-1/8-T0.2151-P 

A3R6 

0605.315) 

7 


RESISTOR 2.STK 1* .1258 F TC«0*-100 

24546 

C9-1/8-T0-2S71-P 

43RT 

0698-00*4 

9 


RESISTOR 2.15K 1* ,1258 F TCF0+-10O 

24546 

C9.1/8.T0-I151-F 

43 RS 

0695-3996 

3 


RESISTOR 353 1* ,125w F TC»0*-100 

24546 

C9-1/8.T0.J83R-F 

A3R12 

0757-0250 

3 


RESISTOR IK i* .1258 P TC«0*-100 

24546 

C9-1/8.TO-IO01-P 


0659.9711 

8 


RESISTOR 970 10* .25" FC TC».900/*600 

01121 

C5971! 

AjRla 

0757-0250 

3 


RESISTOR 1< 1% .125* F TC«0+-100 

24546 

C4-1/6-TO-lOOl-F 

A3R15 

0695-33S1 

5 

1 

RESISTOR 150 5* ,125w CC TCp-530/*S00 

01121 

881515 

43R16 

0757-0395 

1 

t 

RESISTOR 56.2 IS ,125« P TC«0*-100 

24546 

C4-1/6-T0-56R2-F 

»j«t» 

0757-0416 

7 


RESISTOR 511 1* .1258 P TC«#*-100 

24546 

C9-1/8-T0-5UR-F 

AJRI8 

0757-0250 

3 


RESISTOR IK XX .125* F TC«0*-100 

29596 

co-i/e-TO-ioot-p 

A3R1* 

0757-0280 

3 


RESISTOR IK 1* ,125» P TCkO*-100 

24546 

C9-1/8-T0-1001-F 

A3R20 

0757-0280 

3 


RESISTOR IK 1* .1258 P TC«0*-100 

24546 

C9-1/8-T0.1001-P 


0757-0280 

3 


RESISTOR IK 1 * ,1258 P TC»0*-100 

24546 

C9.1/8-TO-1001-F 


0757-0280 

3 


RESISTOR IK 1* .1258 F TCP0*-100 

24546 

C9-1/8-T0-1001-F 

m mi _ 

0757-0280 

3 


RESISTOR 1* 1* .1258 P TC10+-I00 

24546 

C9.1/8-T0-I001-F 

ijRja 

0757.0250 

3 


RESISTOR IK 1% .125* F TC*0+-100 

24546 

C9-1/8.TO-1001-P 

»JR?5 

0757-0«10 

1 


RESISTOR 301 1* .1258 F TC«0*-100 

24546 

C9.1/8.T0-301R-F 

43TPI 

0360-0535 

0 


TERMINAL TEST POINT PCS 

00000 

ORDER ST DESCRIPTION 

A3TP? 

0360-0535 

0 


TERMINAL TEST point PCS 

00000 

ORDER ST DESCRIPTION 

43U1 

1516-1092 

4 


1C MEMORY 

28480 

1816-1092 

43U? 

1816-1092 

4 


1C MEMORY 

28480 

1816-1092 

43U3 

1816-10R2 

4 


1C MEMORY 

28480 

1816-1092 

A3U0 

1816-1092 

4 


1C MEMORY 

28480 

1816-1092 

A3U5 

1820-1210 

7 

4 

IC SATE TTU US AND-OR-INV DUAL 2-INP 

01295 

SN79U851N 

A 3 U 6 

1820-0681 

4 


IC SATE TTL S NANO SUAO 2-INP 

01295 

SN74800N 

43 U 7 

1820-1158 

2 


IC GATE TTL S AND-OR-INV DUAL 2-INP 

01295 

3N70S51N 

43 U 8 

1820-1430 

3 


IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIQ 

01295 

SN79LS161AN 

MUR 

1820-1430 

3 


IC CNTR TTU US 8IN SVNCHRQ POS.EDSE.TRIS 

01295 

SN79LS161AN 

ASUlo 

1820-1430 

3 


IC CNTR TTU US SIN SYNC8R0 POS.EDSE.TRIS 

01295 

SN79LS161AN 

AjUll 

1820-1930 

3 


IC CNTR TTU US SIN STNCHRO POS-EOSE-TRIS 

01295 

SN79LSI6lAN 

ASU12 

1820-1030 

3 


IC CNTR TTU LS BIN STNCHRO POS-EOSE-TRIS 

01295 

SN79LS161AN 

43U13 

1816-1092 

4 


IC MEMORY 

28480 

1816-1092 

ASUlO 

1816-1092 

4 


IC MEMORY 

28480 

1816-1092 

MU)5 

1816-1092 

4 


IC MEMORY 

28480 

1816-1092 

A3U16 

1816-1092 

4 



28480 

1816-1092 

A1U1T 

1820-1433 

6 


IC SHF.RSTR TTL US R-S SERIAu-IN rru-out 

01295 

SN74LS164N 

43U18 

1820-0685 

8 

1 

IC SATE TTL S NANO TPl 3-INP 

01295 

8N74S10N 

A1U19 

1820-1372 

2 


IC F* TTL S J-K BAR CLEAR DUAL 

07263 

749109DC 

A3U20 

1820-1416 

5 

1 

IC SCHMITT-TRIG TTL LS INV HEX 1-INP 

01295 

SN7US14N 

43U2t 

1820-1074 

1 


1C DRVR TTL nor QUAD 2-INp 

01295 

SN74128N 

A3U22 

1820-1933 

6 


IC SHF.RSTR TTL US R-S SErIAL-IN PRL-OUT 

01295 

SN74LS164N 

A3U23 

1820-0686 

9 


IC GATE TTL 3 AND TPL 3-INP 

01295 

SN79SUN 

A3U24 

1820-1433 

6 


IC SHF.RSTR TTU US R-S SERIAL-IN PRL-OUT 

01295 

SN74L3164N 

A3U2S 

1820-1933 

6 


IC SHF.RSTR TTU US R-S SERIAL-IN PRU-OuT 

01295 

3N74LS164N 

M U26 

1816-1092 

4 


IC MEMORY 

26460 

1816-1092 

43U?7 

1816-1092 

4 


IC MEMORY 

26490 

1816-1092 

MU?S 

1816-1092 

4 


IC MEMORY 

28980 

1816-1092 

A3U29 

1816-1092 

4 


1C MEMORY 

28480 

1816-1092 

43U30 

1820-0691 

6 


IC GATE TTU S AND-OR-INV 

01 295 

8N74S64N 

A 3 U 31 

1820-1975 

6 


IC CNTR TTL 3 BIN SYNCHRO POS-EDGE-TRIG 

07263 

93S16DC 

AjUj, 

1820-1475 

6 


IC CNTR TTL S 8IN SYNCHRO POS.EDSE.TRIS 

07263 

93S16DC 

ASU3S 

1820-0681 

4 


IC GATE TTL 3 NANO QUAD 2-INP 

01295 

SNT9S00N 

431130 

1820-0693 

8 


IC PP TTL 3 O.TyPE POS-EOSE-TRIS 

01295 

SN74974N 

A3U35 

1820-1201 

6 


IC SATE TTL LS AND SUAO 2-INP 

01295 

SN79LS08N 

43^36 

1820-0693 

8 


IC FF TTL 3 D-TYPE POS-EDGE-TRIG 

01295 

SN74S74N 

t*IJ« n 

4 iso.i uytt 

6 


Tf* rWTR TTl S ATM SvNf.HRO PQS-EDGE-TRIG 

ATSfet, 

QlSlfaDe 

MUja 

1820-1475 

6 


ic cntr ttu s bin synchro pos.edse.trig 

07263 

93SU0C 

4JUJR 

1816-1092 

4 


IC MEMORY 

28490 

1816-1092 

43U«0 

1816-1092 

4 


IC MEMORY 

26980 

1816-1092 

4 3U41 

1816-1092 

4 


IC MEMORY 

28980 

1816-1092 

4SU42 

1816-1092 

4 


IC MEMORY 

28490 

1816-1092 

43U03 

1820-0691 

6 


IC GATE TTL S ANO-OR-INV 

01295 

SN79S69N 

MUaa 

1820-1435 

8 

2 

IC CNTR TTU LS BIN UP/D08N SYNCHRO 

01295 

3N74L3669N 

A3U85 

1820-1935 

a 


IC CNTR TTU LS BIN UR/D08N SYNCHRO 

01295 

SNT9LS669N 


See introduction to this section for ordering information 
indicates factory selected value 
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Replaceable Parts 


Model IfilfSA 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

*3U lib 

1820-1423 

6 


IC 8CWMITT-T9JG TTl LS MAND QUAD 8-INF 

01245 

3N74LS132N 

A1O47 

1880-0641 

6 


IC GATE TTL 8 ANB.DS.1NV 

01895 

SN74864N 

AJUil* 

1820*1258 

9 


IC MUXR/DATA-3EL TTL IS 4-TO-t.LlNE DUAL 

■ - a 

8N74L8253N 

Ajum 

1820®l838 

9 


SC MUXR/DATA-SEL TIL US 4*T0*1*LINE DUAL 

K ',1 

8N7UU82S3N 

asuso 

1820*1238 

9 


IC “UVR/DATA-SEL TTU LS 4*T0*t*LINE DUAL 

■ ;:1 

SN74LS253N 

AS051 

1820*1238 

9 

■ 

IC MUVR/DATA-SEL TTL U8 A.TO-l-LlNE DUAL 

01295 

SN74L8253N 

m 

01615-66504 

8 

■ 

80ARD ASSEMBLY, T1MINS DATA ACQ. 

2S4S0 

01615*66504 


0160-8198 

1 


C*P‘CIT0R-4X0 20PF +*5X SOOVDC MICA 

88480 

0160*2196 


0140-0206 

6 


CAPACITOR-FxO 2T0RP +-5X SOOVDC MICA 

72136 

0M15F271J0S00HVICR 


0140-0208 

6 

HBkr&i 

CAPACITOR-FxD 680PF t-5* SOOVDC MICA 

72136 

OM15F681JOJOOKV1CR 

immm A- iSiSI 

0160-4625 

3 


CAPACITOR.FxO 1909PF +-5X toovoc CER 

28480 

0160-4623 

*at5 

0160-4683 

1 

1 

CAPACITOR.FxO 3400RF +-5X lOOVOC CER 

28480 

0160-4623 

AACfc 

0160—4624 

8 

1 

CAPtCITOR-FXO 8200PF +-8X 50VDC CER 

28480 

0160-4624 

AaC7 

0160-4696 

8 

1 

CAPACITOR.FxO .018UF t-5* 5OV0C 

aeaso 

0160-4696 

AaC* 

oiao-oi9o 

7 

8 

CAPACITOR-FXO 34PF +-SX 300VOC MICA 

72136 

DMUEjsojOSOOnVICR 

*aC9 

0140-0190 

7 


CAPACITOR.FXO JRPP + -5X SOOVDC MICA 

72136 

DM1SC390J0300HV1CR 

AaCjo 

0160-8055 

9 


CAPACITOR.FXO .01UF +80-20X 100VDC CER 

28480 

0160-2055 


0160-8055 

9 


CAPACITOR-FxD ,01uF +80-20X lOOVOC CER 

28480 

0160-2055 

Ba 

0160*8055 

9 


CAPACITOR.FxO ,nlOF +80.20* lOOVDC CER 

28480 

0160-2055 

Enm 

0180*0220 

7 


CAPACITOR.FXO 33UF+-10X 10VOC TA 

56284 

1500336**01082 

Bn 

0180-0220 

7 


CAPACITOR.FXO 33OF+-I0* 1OV0C TA 

56289 

1500336X401082 


0160*8055 

4 


CAPACITOR-FXD ,01UF +80*20X lOOVOC CER 

28480 

0160-2055 

AaCit 

0160-8055 

9 


CAPACITOR.FXO .01UF +80-20X 100VDC CER 

28480 

0160-2055 

AaClT 

0100-205! 

9 


CAPACITOR-FXO ,01UF +80-20X lOOVOC CER 

28480 

0160-2055 

*aCu 

0160-8055 

9 


CAPACITOR.FXO .OIOF +80-20* lOOVOC CER 

28460 

0160-2055 

AaCi* 

0160-8055 

9 


CAPACITOR-FxO .OlgF +80-20X 100VDC CER 

28480 

0160-2055 

AaC*o 

0160-8055 

9 


CAPACITOR-FXO ,01UF +80.20* lOOVOC CER 

28480 

0160-2055 

*aCji 

0160*2085 

9 


CAPACITOR.FXO .OIUF +80.20* lOOVOC CER 

28480 

0160-2053 

AaCii 

0160-2055 

9 


CAPACITOR-FXO .OIUF +80-20* lOOVOC CER 

28480 

0160*2055 

*acjj 

0160*205! 

4 


CAPACITOR-FXO .OIUF +80-20* lOOVOC CER 

28480 


AaCja 

0160-2055 

4 


CAPACITOR.FxO .OIUF +80*20* lOOVOC CER 

28480 

0160-2055 

AaCjs 

0160*8055 

4 


CAPACITOR.FxO .OIUF +80.20* tOOvOC CER 

28480 

0160*2055 

AaCjs 

0160-205! 

4 


CAPACITOR-FxO .OlgF +80-20* lOOVOC CER 

S' n 

0160-2055 

AaC*T 

0160*2055 

9 


CAPACITOR.FxO .OlgF +80-20* lOOVOC CER 

m 1 '' fl 

0160-2053 

*aCH 

0160*2055 

9 


CAPACITOR.FXO .OlgF +80-20* lOOVOC CER 

m ' 11 fl 

0160-2055 

AflCj# 

0160*2055 

4 


CAPACITOR.FXO ,0!OF +80-20* lOOVOC CER 

B 1111 B 

0160-2053 

•aCjo 

0160-8055 

9 


CAPACITOR.FXO .010F +80.20* lOOVOC CER 

Ki! i S 

0160-2055 

AaCji 

0160*205! 

9 


CAPACITOR.FXO .OIUF +80*20* lOOVOC CER 

28480 

0160-2055 

AaCja 

0160-8055 

4 


CAPACITOR.FXD ,010F +80.20* lOOVOC CER 

28480 

0160-2051 

*«CR! 

1*01*0000 

1 

4 

0I00E*8WITCHINS 30V Soma 2N8 00*35 

28460 

1901*0040 

Aaca? 

1*01*0040 

l 


DX0DE-8MITCHIN6 30V 8N8 DO-35 

28480 

1*01*0040 

AaCRi 

1*01*0040 

1 


OIODE-8KITCHINQ 30V 50*4 8N8 DO-35 

28480 

1901-0040 

AaCH4 

1*01*0040 

1 


010DE.8MITCHING 30V SOMA 2N8 00*35 

28480 

1*01*0040 

AaCts 

1*01-0040 

1 


oiode-86itching sov 5o«a 2 ns 00*35 

26460 

1*01*0040 

AaJi 

1251*505! 

4 

1 

connector 26.pin “ pogt type 

08261 

801*0?* 

Aa»j 

0757-0182 

8 


RESISTOR 22| 1* ,|25* F TC»OT-IOO 

24546 

C4-1/S-To-221R*F 

MR2 

0757*0282 

5 


RESISTOR 221 l* .1256 F TC«0*-tO0 

24546 

c4-i/a»ro-22ift-F 

AaRj 

0683*0475 

1 

3 

RESISTOR 4,7 5* .25* FC TC».400/+500 

01121 

084765 

aa#a 

0757-03** 

5 

8 

RESISTOR 82,5 1* .125N F TCRO+.IOO 

24546 

C4-1/8-T0-8JR5-E 

AaM 

0757-03** 

1 


RESISTOR 82.5 lx .1256 F TCP0+.100 

24546 

C4.1/8.T0.82R5.F 

Aa»6 

0757*0418 

4 


RESISTOR 619 IX .1256 F TC»0+-100 

24546 

C4-1/8-T0-619R-F 

AaRT 

0757-0411 

* 

1 

RESISTOR 332 IX .1256 F TCP0+.100 

24546 

C4-1/8-T0-3I2R-E 

AaRR 

0757*0282 

5 


RESISTOR 221 IX .1256 F TC40+-IG0 

24546 

C4-1/8-T0-221R-E 

A«R* 

0757*0280 

3 


RESISTOR IK ix ,1256 F TC*0+-IOO 

24546 

C4-1 /8-T0-J001-F 


0757*0280 

3 


RESISTOR IK IX .1256 F TC«0+*100 

24846 

C4-1/8-T0-I 00 1-F 

A4RII 

0683*0475 

1 


RESISTOR 4.7 5* .256 FC TCP-400/+800 

01121 

CB47G5 

AaRt* 

0683*0475 

1 


RESISTOR 4,7 5X .256 FC TC4-400/+50I! 

01121 

C847Q5 

A#R1| 

0757-0*82 

5 


RESISTOR 221 IX ,1256 F TC'O+.tOO 

24546 

C4-1/8-T0-221R-2 

AaRia 

0757-0280 

7 


RESISTOR 150 lx .1256 F TC«0+-100 

24546 

C4-1/8-T0-151-F 

*aR)S 

0757*0284 

7 


RESISTOR 150 IX ,1256 F TCP0+-100 

24546 

C4-l/a*T0-151*F 

A4R16 

0757-0284 

7 


RESISTOR 150 lx ,1256 F TC»0»-100 

24544 

Cfl-l/B-TO-lf1-F 

A4R17 

0757*0282 

5 


RESISTOR 221 IX ,1256 F TC«0+*100 

24546 

C4.i/e*ro*2iiR*F 

AaRt* 

0757*0284 

7 


RESISTOR 150 11 .1256 F TC40+-100 

24546 

C4«l/8-T0-151-F 

AaRtR 

0757-0284 

7 


RESISTOR 150 1% .125W F TC«0+-100 

24546 

C4-1/8-T0-I51-F 

A4R20 

2100*3351 

6 


RESISTOR-TRMR 500 10X C 8I0E-ADJ 1-TRN 

26480 

2100*3351 

AaR?! 

0757*0282 

5 


RESISTOR 221 lx .1256 F TC«0+*100 

24846 

C4-1/8-T0-221R-F 

AA»H 

0757*0284 

7 


RESISTOR 150 1* ,1256 F TC«0+-I00 

24546 

C4*l/8*T0*I!1*F 

»aR*j 

0757*0284 

7 


RESISTOR 150 IX .1256 F TC»0+-100 

24546 

C4-1/B-TO-lSl-F 

Aasja 

0757-0284 

7 


RESISTOR 150 IX .1256 F TC«0+*100 

24546 

C4.|/8*rO*t5l*F 

»4R2S 

0717-0884 

7 


resistor 150 IX .1256 F TC«0+*100 

24546 

C4.1/8*T0*I8i*F 

A4R26 

0757-0284 

7 


RESISTOR 150 IX ,1256 F TC»0+-I00 

■TyPB 

C4.1/8*T0*15l*F 

A4RJ7 

0757-0284 

7 


RESISTOR 150 IX .1256 F TC«0+*100 

m 1 J Bi 

C4-1/8-TO-lSi-F 

A4R28 

0757*0284 

7 


RESISTOR 150 IX .1256 F TC40+-100 

■ i' i 

C4-1/0-TO-1I1-F 

A4R29 

0757*0284 

7 


RESISTOR ISO IX ,1256 F TCaO+.iOO 


C4-1/8-T0-1I1-F 

*4R30 

0757*0280 

3 


RESISTOR IK 1* .1256 F TC»0+-100 

■ 

C4*l/8*TO*lo6l*F 
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Model 1615 A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 



Qty 

Description 

fvlfr 

Code 

Mfr Part Number 

*aR3i 

0757-0280 

3 


RESISTOR IK \X .125* F TC«0+-tG0 

24546 

C4-1/S-TO*I001*F 

A4R38 

0757-0284 

7 


RESISTOR ISO U ,185W F TC*0*-100 

24546 

C4-1/8-T0-151-F 

lain 

1820-0810 

l 


IC RCVR ECL LINE RCVR TRl 2-INF 

■ 9 

MC10116P 

A«U2 

1816-1355 

8 


IC TTL 9 856-Bit RAM 11 .m3 

m ffl 

MCM101J2L 

AaU3 

I310-133S 

8 


IC TTL S 856-BIT RAM 11-N9 

B ffl 

MCMI0158L 

kail a 

1820-1482 

5 


IC SATE ECL NOR DUAL 9-INR 

04713 

MCioaiiR 

A4U5 

1820-1225 

4 


ic ff fcl o-m/s dual 

04713 

MCioasiR 

*aU6 

1820-U73 

1 


IC XLTR ECL TTL-T0-ECL QUAD 8-INR 

04713 

MC10124L 

AuU7 

1820-0801 

0 


IC sate ECL OR-NOR QUAD 2-INP 

04713 

MC10101R 

Aaus 

1820-0817 

8 


IC FF ECL D-w/S DUAL 

04713 

MCI 0131 R> 



* 

3 


IC FF ECL J - o A H K-5AS L'u^ u L u £ * l/UAU 



Aauio 

1*70.0908 

1 


IC SATE ECL nor QijAD 2-INP 

04713 

MC10108R 

AaUn 

1820-0820 

3 


IC FF ECL J-BAR K.BAR COM CLOCK DUAL 

04713 

MCtOlSSL 

A«U t J 

1820-1990 

0 


IC GATE ECL NOR QUAD 2-INF 

04713 

MC10100L 

Kit! 

1980-0980 

3 


IC FF ECL J-8AR K.BAR COM CLOCK DUAL 

04713 

MC10135L 


1980-0908 

1 


IC SATE ECL NOR QUAD 2-JNP 

04713 

MC10102R 


1980-0980 

3 


IC FF ECL J-8AB K-BAR COM CLOCK DUAL 

04711 

MC10135L 

Aaui» 

1980-0910 

1 


IC RCVR ECL LINE RCVR TPL 2-INF 

04713 

MC10U6R 

AaUl 7 

1820-1788 

4 


ic cntr ecl bin synchro pos-edge-trig 

07863 

F10Q16DC 

AaUi s 

1980-lRRl 

3 

2 

IC MUXR/DATA-SEL ecl QUAD 2-1np 

04713 

MC10158L 

AaUi9 

1980-0694 

7 

\ 

IC INV TTL S HEX t-INP 

01895 

SN74S05N 

Aau?o 

1820-2010 

7 


IC 

28480 

1820-8010 

aouei 

1820-2010 

7 


IC 

28480 

1880-8010 

AaUjj 

1820-0817 

8 


IC FF Ed O-m/8 DUAL 

0471 3 

MC10131R 

A4U8S 

1820-0820 

3 


IC FF ECL J-BAR K,BAR COM CLOCK DUAL 

04713 

MC1013SL 

Aau?ij 

1980-1400 

7 


IC GATE ECL AND QUAD 2-INP 

04713 

MC10104R 

A4U85 

1820-0820 

5 


IC FF ECL J-8AR K-BAR COM CLOCK DUAL 

04713 

MC10135L 

AaU?6 

1820-1990 

0 


IC GATE ECL NOR QUAD 2-JNP 

0471 3 

MClOlOOL 

*auj? 

1820-0820 

3 


IC FF ECL J.BAR K.BAR COM CLOCK OUAL 

0471 3 

M C10135L 

A4U28 

1980-1400 

7 


IC gate ECL and quad 2-INP 

047 1 3 

MC10104R 

AaUja 

1980-0980 

3 


IC FF ECL J-8AR K-BAR COM CLOCK DUAL 

04713 

MC10135L 

aaujo 

1820-0810 

1 


IC RCVR ECL LINE RCVR TRL 8-INR 

0471 3 

MC101169 

A0UJ1 

1880-1799 

4 


IC cntr ecl BIN SYNCHRO pos-edge-trig 

07869 

Fl0016DC 

AAU32 

1820-1995 

3 


IC MUXR/DATA-SEL ECL QUAD 2-INP 

04713 

MC10156L 

A4UJJ 

1820-2010 

7 


IC 

28480 

1680-8010 

Aauja 

1980-8010 

7 


IC 

88480 

1680-8010 

iauj? 

1820-0817 

9 


IC FF ECL D.M/S DUAL 

04713 

MC10131R 

AaUj6 

1680-0880 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

MC1013SL 

aaUj7 

1820-0802 

1 


IC GATE ECL NOR QUAD 2-INP 

04713 

MC10I02P 

A«use 

1820-0820 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

"C10135L 

AaUjR 

1980-1940 

0 


IC SATE ECL NOR OUAO 8-INP 

04713 

MClOlOOL 

Aauao 

1680-0680 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

“C10135L 

*#uei 

1980=0*08 

i 


IC sate ecl nos QU*» 8=!NR 

04713 

MCISIOIR 

Aauo? 

1880-0880 

3 


IC FF ECL J-BAb K.BAR COM CLOCK DUAL 

04713 

MC1013SL 

a«U4S 

1820-1946 

6 


ic sate ecl dual 

04713 

MC10117L 

Aauua 

1820-0*17 

8 


IC FF ecl D.m/9 DUAL 

04713 

MC10131R 

A4U45 

1680-1179 

1 


ic xltr ecl ttl-to-ecl quad 8-INR 

04713 

MCJ0124L 

*aua* 

1880-1499 

6 


IC 8HF-RSTR TTL L8 R-8 SERIAL-IN PRL-OuT 

01895 

9N74LS164N 

A4U47 

1880-0*17 

8 


IC FF ECL D.M/S DUAL 

04713 

MClOlSlR 

A4U40 

1880-0680 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

MC1013SL 

A4U49 

1820-1400 

7 


ic sate ecl and quad 8-inr 

04713 

MC10104R 

A4U50 

1820-0*20 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

»Cl013*L 

Aausi 

1*80-1940 

0 


IC GATE ECL NOR QUAD 2-INP 

04713 

“C10100L 

A4U58 

1680-0*80 

3 


IC FF ECL J-BAR K-BAR COM CLOCK DUAL 

04713 

“C10135L 

*4U5| 

1880-1400 

7 


IC SATE ECL AND QUAD 8-INR 

04713 

MC10104R 

a«U5» 

1680-0*80 

9 


IC FF ECL J-9AR K.BAR COM CLOCK DUAL 

04713 

MC10135L 

AaU5j 

1610-0879 

9 


NETWORK.RES 10-SIR470.0 OHM x 9 

01181 

810A471 

Aaus* 

1810-0879 

9 


NETWORK-RES 10-3IP470.0 OHM x 9 

01181 

810*471 

AaU5? 

1810-0878 

8 

3 

NETWORK.RE8 10—3IP990.0 OHM * « 

01181 

210A331 

aaus( 

1610-0879 

9 


NETWORK-RES 10-819470,0 OHM X 9 

01181 

210*471 

A4U59 

1810-0879 

9 


NETWORK.RE8 10-IIF470.0 OHM x 9 

01181 

810*471 

AaUfco 

1810-0275 

9 


NETWORK-RES 10-8IP470.0 OHM X 9 

01181 

810*471 

A«U»| 

1810-0879 

9 


NETWORK-RES 10-SIR470.0 OHM X 9 

01181 

210*471 

A4U62 

1810-0879 

9 


NETW0RK-RE8 10-BIR470.0 OHM X 9 

01181 

210A471 

A4U63 

1610-0179 

9 


NETWORK-RES 10-SIP470.0 OHM X 9 

01181 

210A471 

A4U6U 

1610-0878 

8 


NETWORK.RE8 10-814990,0 OHM X 9 

01181 

210A331 

A4U65 

1810-0878 

8 


NETW0RK-RE9 10-814990,0 OHM X 6 

01181 

210A331 

Aouta 

1610-0879 

9 


NETWORK-RES 10-SIP070.0 OHM % 9 

01181 

810*471 

Aautr 

1*10-0908 

5 

6 

NETWORK.RES 8-8IP47.0 OHM * a 

01181 

8086470 


* • ! » a **A>5 

K 





Aauii 

1*10-0908 

S 


NETWORK-RES 8-81447,0 OHM X 4 

01181 

2088470 

44U7* 

1*10-0908 

9 


NETWORK-RES 6-91447.0 OHM X 4 

01181 

2088470 

AflUTt 

1610-0908 

5 


NETWORK-tES 8-SIP47.0 OHM x a 

01181 

8088470 

A4U72 

1810-0908 

s 


NETWORK.RES 8-81447,0 OHM X 4 

Olltl 

8088470 

A4U73 

1810-0879 

9 


NETWORK.4E8 10-S1R470.0 OHM X 4 

01181 

210A471 

A«U7« 

1810-0871 

9 


NETWORK-RES 10-8IP470.0 OHM x 9 

01121 

210A471 

A4U75 

1*10-0879 

9 


NETWORK*RES 10-8IP470.0 OHM X 9 

01181 

210A471 


See introduction to this section for ordering information 
^Indicates factory selected value 
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Replaceable Parts 


Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

A4U76 

1810-0271 

9 


N£Tw09K-PES 10-8IP470.0 OH* X 9 

01121 

21OA071 

A4XU2 

1200-0607 

0 


80CKET-IC 16-CONT DIP-SLDR 

28460 

1200-0607 

MXU5 

izoo-oaot 

0 


SOCKET-IC 16-CONT 0IP-8L0B 

26430 

1260*8607 

MXUS 

1200*0607 

0 


S0CKET-IC 16-CONT DIP-SLOB 

28480 

1200-0607 

A*XU22 

1200*0607 

0 


socner-ic h-cont dip.sldb 

28480 

1200-0607 

A0XU1S 

1200*0607 

0 


80CKET-IC 16-CONT DIP-SLDR 

28480 

1200-0607 

a«xu44 

1200-0607 

0 


S0CKET-IC 16-CONT 0IP-8L0R 

26480 

1200-0607 

A4XIJ67 

1200*0607 

0 


SOCKET-IC 16-CONT OIP.SLOR 

28480 

1200-0607 

*5 

01615-66517 

1 

1 

BOARD *88E M BLY, MICROPROCESSOR AND P0 M 

28480 

01615-66517 

■SB 

0100*0220 

7 


CiPACITOR-PxD 3JUPT-10* 10VDC T* 

56289 

I5o0336x901082 

■ii 

0180-022* 

7 


CiPACITOB-PxD 3JUP+.10* 10VDC TA 

56289 

1500316X901082 


0100*0107 

8 

2 

CARACITOB-PXD 2.2uPt*10X 20VDC TA 

56289 

1500225X9020*2 


0160-220* 

0 


CAPACITOR.PXD tOOPP +-5* S00VDC MICA 

28480 

0160-2204 

A5C9 

0170-0066 

9 

i 

CAPACITOR.FXD .02708 +.10* 200V0C P0L7E 

28480 

fl 1 70-0066 

A5C12 

0160-0206 

6 


CAPACITOR-PXD 270P8 +-5X 500VDC MICA 

72136 

DM15827U0500KV1CR 

iSCtS 

0160*2055 

9 


CAPACITOB-PXO .0108 +80-20X 100VDC CEB 

28460 

0160*2055 


0160*2055 

9 


CAPACIT0R-8XD .0108 +8O-20X 100VDC CEB 

26460 

0160*2055 

lull 

0160*2055 

9 


CAPACITOR*8XD .0108 +80.20X 100VOC CEB 

26480 

0160-2055 

■ {■ 

0160*2055 

9 


CAPACITOR.8X0 .01UP +80-20* 100VDC CEB 

28460 

0160-2055 

A9C17 

0160*2055 

9 


CAPACIT0B-8XD .0108 +80-20* 100VOC CEB 

28460 

0160*2055 

A9C1 ft 

0160-2055 

9 


CAPACITOR-PXO .01UP +B0-20X 100VDC CER 

26480 

0160-2055 

*5C|9 

0160-2055 

9 


CAPACITOR.8XD ,01U8 +80.20* 100VDC CEB 

28060 

0160*2055 

A5C21 

0160*2055 

9 


CAPACITOB.PXO .0108 t80»20< 100V0C CEB 

26460 

0160*2055 

>SC2i 

0160-2055 

9 


CAPACITOR-FXD .OiUF +80-20* 100VDC CER 

26480 

0160*2055 


0160-2055 

9 


CAPACITOR.8X0 ,01u 8 +80-20* lOOvDC CEB 

26460 

0160*2055 


0160-2055 

9 


CAPACITOR-8X0 .01U8 +80.20* 100VDC CEB 

26060 

0160*2055 


0160-2055 

9 


CAPACITOH.PxD .0108 +80-20* 100V0C CER 

26080 

0160*2055 

H t " * 

0160-2055 

9 


CAPACITOB.PXO ,01OP +80*20* lOOODC CER 

28480 

0160-2055 

ASCII 

0160-2201 

7 

i 

CAPACITOR-PXD 5i*»P +-5* 300VDC «ICA 

26460 

0160-2201 

ASCri 

1901*0025 

2 

2 

DIODE.OEN PBP 100V 200MA D0*7 

28460 

1901-0025 

»5C»J 

1*01-0025 

2 


DIODE.OEN PBP 100V 20O«A 00.7 

26410 

1901*0025 

• »ti 

01615-01)01 

5 


JUMPER CLIP, OSA 

28080 

01615*61)01 

ASJl 

1251-4524 

5 


CONNECTOR 20-PIN M POST TYPE 

28080 

1251*0520 

A5J2 

1200*0075 

0 


C0NNECT0B-8SL CONT 8KT .016-IN-8SC-8E 

26480 

1200*0*75 

A50t 

1050*0215 

1 


TBANSI8T0R NPN SI POpSSOMR 8T«)00MMI 

O0T11 

ZN30Q0 

*902 

1851*0016 

8 

B- , 

TRANSISTOR PNP SI TO-92 PDllOOM* 

26460 

1853-0016 

05Rl 

0698*1150 

0 

S 9 

RESISTOR 0.228 1* ,1258 P TC»0+*100 


C0.1/8.70*0221*8 

*!«] 

0757*0280 

1 

9BKHH 

RESISTOR IK 1* .1258 P TCR0+.100 

BT - ; B 

C4-1/8.T0-IDO1-F 


0757*0280 

3 

H 

RESISTOR IK 1* .t25R 8 TCRO+.lOO 

mT~7m 

1/8.70*1001*8 

*5*0 

0698-1150 

0 


RESISTOR 0.22K i* .1288 P TCRO+-100 

BT . : V 

00-1/8-70*0821*8 

ASR7 

0761-005* 

8 


RESISTOR 3)0 5* 18 MO TC«0+*200 

28060 

0761*0050 

■ 1 ! 

0761-0054 

8 


RESISTOR 130 5* 18 MO TCRO+-200 

28080 

0761*0050 


0757*0280 

3 


RESISTOR IK 1* ‘.i258 8 TC»0+*100 

24546 

C0*I/8*TO*IOO1*8 

^ ’ 

0757-0280 

3 


RESISTOR IK 1* 1P58 8 TCPO+-1DO 

24546 

C4-1/6-TD-1001-F 

A5R|2 

0757-0280 

3 

dBUBf 

RESISTOR IK l* 1258 8 TC80+-100 

24546 

C0-1/8.TO*1001-8 

ASR|) 

0757-0280 

3 


RESISTOR IK l* ;i25W F TC«0+-100 

24546 

C0.1/8-70*1001*8 

ASR19 

0757*00)8 

3 


RESISTOR 5.UK it .1258 8 TC*0+*100 

20500 

08*1/6*70-1111*8 

A5»l* 

0757*00)8 

3 

H 

RESISTOR 5,1 IK 1* .1258 8 TC>0+*100 

24546 

C0*l/8*TO*5lll*8 

ASRlT 

0757*0016 

7 

'• 

RESISTOR 511 1* ,1258 8 TC"0+*100 

20506 

00*1/6*70*511R*8 

A5R18 

0757*0002 

9 


RESISTOR 10K l* ,1258 8 TC«0+*100 

24546 

C0.1/8*70*1002-8 

asrir 

0757*0118 

2 

1 

RESISTOR IK 1* .298 8 TCO0+-100 

24546 

C5»l/0*TD*IOO1*8 

A5R20 

0757*0198 

4 

1 

RESISTOR 75 I* .1258 8 TC«0+*100 

20500 

C0*1/8*TO*75RO.8 

A5R21 

0757*0001 

0 


RESISTOR 100 1* ,1258 8 TCP0+-100 

20500 

C0.1/8.70*101*8 


0757*0280 

3 


RESISTOR IK 1* .1258 8 TCi0+*l00 

2*500 

C0*1/6*TO*1OO1*8 

*$"21 

0757*0010 

1 


RESISTOR 301 1* .1258 8 TC80+-100 

24546 

C0.1/8.TO-1O1R-8 

A5R26 

0757-0416 

7 


RESISTOR 511 1* .1258 8 TCP0+-I00 

20500 

e**l/8-T0.lllR-8 

ASR27 

0684-1001 

3 


RESISTOR 10 10* .23* FC TC»-«00/+500 

01121 

CB1001 

A5R28 

0757*0280 

3 


RESISTOR IK 1* .1258 8 TCtO+.loil 

20506 

C4-1/8-T0-1001-F 

ASR29 

0757-0280 

3 


RESISTOR IK 1* ,1258 8 TC«0+*100 

20506 

C4.ty8-T0-1001-F 

*S*J0 

0757-0280 

) 

■ 

RESISTOR IK 1* ,1258 8 TCPO+-100 

24946 

C0-1/I*70*1001*8 

A5R)I 

0757-0280 

3 


RESISTOR IK l* .1258 8 TC»0+*100 

2*506 

C0*t/8*TO*IOO1*8 

A5R32 

0757*0280 

3 


RESISTOR IK 1* ,1258 8 TC«0+*100 

2*506 

C*.1/8*70*1001*8 


0757-0280 

1 


RESISTOR IK 1* ,1258 8 TC80+-100 

2*506 

C«*t/8.TO.1001*8 


0757*0280 

S 


RESISTOR IK 1* ,1258 8 TC80+-100 

2*506 

00*1/8.79.1001*8 


0757*0280 

) 


RESISTOR IK 1* ,1258 8 TC»0+-IOO 

2*5*6 

C4-i/8-TO-l001-F 

(MU 

0757*0280 

3 


RESISTOR IK 1* .1258 8 TC«0+*100 

20506 

C4.1/8.T0-1001-F 

A5R1T 

0757*0280 

3 

1 

RESISTOR IK 1* .1258 8 TC«0+*100 

2*506 

C0.1/8.TO.1001*8 




■ 

DELETED 




0180*05)5 

0 

■ 

terminal test roint pcs 

ooooo 

ORDER 67 DEICRIPTION 


0160*05)5 

0 


TERMINAL TEST POINT PeS 

ooooo 

ORDER ST 016CRIPTIDN 


0)60*05)5 

0 


TERMINAL TEST point pcs 

ooooo 

ORDER 87 DESCRIPTION 

';V^v 

0)60*0515 

0 


terminal test point pcs 

ooooo 

ORDER 87 DESCRIPTION 


0)60*05)5 

0 

■ 

TERMINAL TEST POINT PCS 

ooooo 

ORDER 87 DESCRIPTION 


See introduction to this section for ordering information 
indicates factory selected value 
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Model 1615A 


Replaceable Parts 



Reference 

Designation 



Qty 

Description 

Mfr 

Code 

mfr Part Number 


A5TP6 

A5TP7 

A5TPS 

A5TP9 

A5U1 

A3U2 

A3U3 

ASU4 

A5U5 

A?Ufe 

0360-0535 

0360-0335 

0360-0335 

0360-0535 

1820-1216 

1820-1244 

1818-0474 

tats, otns 

1818-0873 

1818-0472 



ASU8 

181S-0«T0 

A5U9 

1820-1918 

A5U10 

1820-1*18 

A5U11 

1820-1T83 

A5U12 

1820-1*** 

A5U1S 

1820.0*11 

A5U14 

1820-062* 

A5U15 

1820-1196 

A5Ul 6 

1820-1207 

A5U1 7 

1820-11*7 

A5U1 8 

1820-1*25 

A5U20 

1820-1730 

A5U21 

1820-1730 

A5U22 

1820-1641 

A3U23 

1820-1918 

A5U?« 

1820-1*** 

A5U25 

1820-1201 

A5U26 

1820-1*25 

A5U2T 

1820-1*30 

A5U26 

1820-1*30 

A5U3J 

1820-1*30 

A5U32 

1820-1*30 

A5U1S 

1820-1430 

A 5 U 3 * 

1820-1*30 

A 5 U 35 

1820-1*25 

A5U36 

1820-1730 

A5U37 

1820-1*25 

A 5 U 36 

1820-1*2* 

A5U3* 

1820-06*1 

A5U*0 

1820-120* 

A5U*1 

1820-1210 

*5U#2 

1810-00** 

A 5 XU 3 

1200-0541 

A9XU0 

1200-05*1 

»5XU5 

1200-0541 

*5*U6 

1200-0541 

A5XU7 

1200-05*1 

A5XUB 

1200-05*1 

A5XU11 

1200-065* 

A5XU12 

1200-0638 

ASXU2Q 

1200-0638 

A 6 

01615-665 


oieo-oi*7 

0100 - 022 * 

0160-3*47 

0160-2205 

0160-2*05 

0160-2205 

0160-2205 

0160-0*50 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 




TERMINAL TEST POINT PC0 
TERMINAL test point PCS 
TERMINAL TEST POINT PCS 
TERMINAL TEST POINT PCB 

IC OCDR TTL LS 5-TO-S-LINE J-INp 
IC MUKR/DATA-SEL TTL LS R-TO-l-LINE OUAL 
IC NMOS 16384-BIT POM 
IC NMOS 1638U-BJT R0« 

IC N«OS 16580-BIT ROM 

IC NMOS 16384-BIT R0“ 

IC NMOS 163SR-8IT ROM 
IC NMOS 16386-011 ROM 
TC 3PR TTL LS LINE ORVR OCTL 
IC 0PR TTL LS LINE DRVR OCTL 

IC MICPROC NMOS 8.BIT 

IC 0*VR TTL LS LINE ORVR OCTL 

IC INV TTL HEX l-INP 

IC FF TTL S J-K NEG-EDSE-TRI5 

IC FF TTL LS D-TYPE P05-EO5E-TRIG COM 

IC GATE TTL LS NANO 8-INP 
IC GATE TTL LS NANO QUAD 2-INP 
IC SCHMITT.TRIG TTL LS NANO OUAD 2-INP 
IC FF TTL LS D-TYPE POS-EOGE-TRIG COM 
IC FF TTL LS D-TYPE POS-EOGE-TRIG C0« 

IC ORVR TTL LS BUS DRVR HEX l-INP 
IC BFR TTL LS LINE ORVR OCTL 
IC ORVR TTL LS LINE ORVR OCTL 
IC GATE TTL LS AND QUAD 2-INP 
IC SCHMITT-TRIG TTL LS NANO QUAD 2-INP 

IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 
IC CNTR TTL LS SIN SYNCHRO P0s.E05E.TRlS 
IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 
IC CNTR TTL LS BIN SYNCHRO POS-EDGE-TRIG 
IC CNTR TTL LS BIN SYNCHRO POS-EOGE-TRIG 

IC CNTR TTL LS BIN SYNCHRO POS-EOGE-TRIG 
IC SCHMITT.TRIG TTL LS NANO QUAD 2 -INP 
IC FF TTL LS D-TYPE ROS-EOGE-tRIG C0“ 

IC SCHMITT-TRIG TTL LS NANO QUAD 2-INP 
IC CNTR TTL LS DECO SYNCHRO 

IC SATE TTL S AND-OR-INV 
IC SATE TTL LS NANO DUAL 4-INP 
IC GATE TTL LS ANO-OR.INV DUAL 2 -INP 
NEThORK.RES 12.SIP6.8K OHM X 10 

SOCKET.IC 2U.C0NT DIP DIP.SLDR 
SOCKET.IC 24-CONT DIP DIP.SLDR 
SOCKET.IC 24-CONT DIP DIP.SLDR 
SOCkEt-IC 2R-C0NT DIP OIP-SLOR 
SOCKET-IC 24-CONT DIP DIP-SLOR 

SOCKET-IC 26.C0NT DIP DIP.SLDR 
SOCKET-IC HO-CONT DIP DIP.SLDR 
SOCKET-IC 1R-C0NT DIP.SLDR 
SOCKET-IC 1R-C0NT DIP-SLOR 


BOARD ASSEMBLY, DISPLAY PROGRAMMER 

CAPACITOR.FXD 2.2UF+-10X 20VDC TA 
CAPACITOR.FXD 33UP+-10* 10VDC TA 
CAPACITOR-FXO 470PP +-10* 1KV0C CER 
CAPACITOR-FXO 120PF +-5X IOOVDC MICA 
CAPACITOR-FXD 120PF +-5X loovoe MICA 

CAPACITOR-FXO 120PF t-5| 300VDC “ICA 
CAPACITOR-FXO 120PP + -5* JOOVOC MICA 
CAPACITOR-FXD RJOPF +-5X IOOVDC MICA 
CAPACITOR-FXD ,01U? +80-2SS IOOVDC CER 

CAPACITOR-FXD ,OiUF +80-20* IOOVDC CER 

CAPACITOR-FXD .OIUF +80-20* IOOVDC CER 

CAPACITOR-FXD .OtUF +80-20* IOOVDC CER 

CAPACITOR-FXO .OIUF tSO-20* IOOVDC CER 

CAPACITOR-FXO .OIUF *80-20* IOOVDC CER 

CARACITOR-PXO .OIUF *80-20* IOOVDC CER 

CAPACITOR-FXD .OIUF *80.20* IOOVDC CER 

CAPACITOR-FXD .OIUF +80-20* IOOVDC CER 

CAPACITOR-FXD ,01 UP +80-20* IOOVDC CER 

CAPACITOR-FXD .OiUF +80-20* IOOVDC CER 

CAPACITOR-FXD ,OiUF +80-20* IOOVDC CER 


OROER BY DESCRIPTION 
ORDER BY DESCRIPTION 
ORDER ST DESCRIPTION 

SNT0LS13SN 
SN7SIS13JN 
DM2316EN MASKED 
0M2316EN MASKED 
DM2316EN MASKED 

DM2316EN MASKED 
DM2J16EN MASKED 
D M 2316EN MASKED 
8N74L8241N 
8N74L3241N 

TMSS080AN 
3N74LS26JN 
8N7R06N 
5N748112N 
3N74LS174N 

SN74LSI0N 

SN74LS0ON 

SN74LS132N 

SNT4LS273N 

SN74LS273N 

SN74LSJ65AN 

SN7«IS2*1N 

SN74LS24JN 

SN7ULS08N 

SN76LS1I2N 

SN7ULS161AN 

SN74LS161AN 

SN74L8161AN 

SN74LS161AN 

SN70LS161AN 

SN70LS161AN 

SN7RLS132N 

SN76LS2T1N 

SN741S132N 

3N74LS160AN 

SN74S64N 

SN74LS20N 

SN70LS51N 

1810 - 00 ** 

1200-05*1 

1200-05*1 

1200-05*1 

1200-05*1 

1200-05*1 

1200-05*1 

1200-065* 

1200-0636 
1200-0638 


01615-66516 

150D225X*020A2 

1500336**01082 

0160-3**7 

0160-2205 

0160-2205 

0160-2205 

0160-2205 

0160-0*3* 

0160-1055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

0160-2055 

01*0-1055 

0160*2055 


See introduction to this section for ordering information 
♦Indicates factory selected value 










Replaceable Parts 


Model IfilfSA 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

c 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 


0160-2209 

5 

1 

CAPACITOR.4x0 SbOPf *-5* SOOVDC mica 

28480 

0160-2209 


0180 - 022 * 

7 


CAPACITOR.4X0 33U47-10* 10VOC TA 

56289 

1500136*901082 


otbo*aaoA 

0 


CAPaCITOR-PXD 100P4 t-SX 300V0C MICA 

28480 

0160-2204 


0757.03*6 

2 


RESISTOR 10 1* .123n 4 TC»0*-100 

24546 

C4-1/8-T0-10R0-F 

A 6R2 

0737.0001 

0 


resistor 100 1 * .lasa 4 tcpo-.ioo 

24546 

C4-1/8-T0-101-F 


0737-0*10 

1 


RESISTOR 301 IX .1850 4 TC«07-IOO 

24546 

C4-1/8-T0-301R-F 

a»r« 

0757-oaao 

3 


RESISTOR IK u .1354 4 TCR07-100 

24546 

C4-1/8.TO-1001-F 

A 6 R 5 

0757-0408 

7 

1 

RESISTOR 343 H .I25W 4 TC»0T-100 

2A5AS 

CR-1/S.T0-2R3R.4 

AbRb 

0757-0283 

6 

9 

RESISTOR 3K IX ,1354 4 TCP07-100 

2«5Rb 

C4-1/8-T0.2M1.4 

AfeR7 

0757-0283 

6 


RESISTOR 3K i* .ia5W 4 TC»0*-100 

2*5R6 

C4-1/S-TO-I801-P 

A6R8 

07ST-02S3 

6 


RESISTOR 2K IX ,iaSrt 4 TC90+-100 

24546 

C4-1/6-T0-I001-F 

AbR9 

0757-0283 

6 


RESISTOR 2K IX .125(1 4 TC»0+-100 

24546 

C4-1/8-T0-2001-F 

A6R10 

0757.0?S0 

3 


RESI3T0R IK IX .125* F TC*0+-joO 

24546 

C4-1/8-TO-1001-F 

Ab*l 1 

0757-0280 

3 


RESISTOR IK IX .125H F TCtOt-lOO 

24546 

C4-1/8-T0-1001-F 

AsRl2 

0757-0280 

3 


RESISTOR IK IX .125* 4 TC»0+-100 

24546 

C4-J/8-T0-1001-F 

*6*13 

o75T.oaao 

3 


RESISTOR IK IX .125(1 4 TC*0+.|00 

24546 

C4-1/8-T0-1001-F 

*6R1« 

0737.0*10 

1 


RESISTOR 301 IX .1254 E TC»07.100 

24546 

C4-1/8-T0-301R-F 

A6R15 

0757.0410 

1 


RESISTOR 301 IX .135(1 4 TCPO+-I0O 

24546 

CR-l/S-TO-JOlR-E 

*6Rl» 

0757.0410 

1 


RESISTOR 301 IX ,t25W E TC«Ot-100 

24546 

C4-1/8.TO.I01R.4 

A6R 1 7 

0757*0410 

1 


RESISTOR 101 IX .1254 4 TC»0+-100 

245*6 

Ca-l/S.TO.JOlR.P 

Ab*l8 

0757.0410 

1 


RESISTOR 301 IX ,1254 4 TC«0+-100 

24546 

CA-1/S.T0.J0IR-4 

*6*19 

0757-0401 

0 


RESISTOR 100 IX .1254 4 TCPOt-lOO 

24546 

C4-1/0-TO-1O1-F 

»bR20 

0757-0283 

6 


RESISTOR 2K lx .ia5R F TClOt-iOO 

2*5*6 

CR-1/8.T0-I001.F 

Ab»ai 

2100-3351 

6 


RE3ISTOR-TRMR 500 10X C 3I0E-AQJ 1-TRN 

28480 

2100-3351 

* 6*22 

0757-0418 

4 


RESISTOR 614 IX ,125* F TC«0*-!00 

24546 

C4-1/8-T0-619R-F 

A6R23 

oT57.oaao 

3 


RESISTOR IK IX .1354 E TC»0*-IOO 

24546 

C4-1/8-T0-1001-F 

A6R24 

0757-oaao 

3 


RESISTOR IK IX .125* F TC«O+-IO0 

24546 

C4-1/8.T0-I001-4 

n»a 

0757-0410 

1 


RESISTOR 101 lx .1254 4 TC*0+-100 

24546 

C4-1/6-T0-301R-F 

A6R?6 

0757-0410 

1 


RESISTOR 301 IX .1354 4 TC»07-I00 

24546 

C*.1/8.TO.301*.4 

A 

0757-0410 

1 


RESISTOR 101 IX .1254 4 TC»07-100 

24546 

C4-1/8-T0-S01R-F 

A»R?8 

0757-oaao 

3 


RESISTOR IK tx .1254 4 TC»0*-100 

24546 

C4-1/8-T0-1001-F 

A»R?9 

0757-oaao 

3 


RESISTOR IK u .1254 4 TClOb-100 

24546 

C4-1/8-TO-1001-P 

AbRlO 

o7S7.oaao 

3 


RESISTOR IK IX ,125k 4 7C«0t-l00 

24546 

CA-1/8-TO-IOOI-4 

*6RSl 

0757-0410 

1 


RESISTOR 101 IX .1254 4 TCP0+-100 

24546 

C4-1/8-T0-301R-F 

AbftJ? 

0757-0280 

3 


RESISTOR IK |x .1254 4 TCPOt-lOO 

24546 

C4-l/8-TO-l001-F 

*6*33 

0757-0407 

6 


RESISTOR 200 IX .1214 4 TCP0+-100 

24546 

CA-1/8.T0.201-4 

*SRl* 

0757-oaao 

3 


RESISTOR IK IX .1254 4 TCiO+.lOO 

24546 

C«.1/0.TO.1001-4 

A6R35 

0757-0416 

7 


RESISTOR 511 1% 125W F TC=0+-100 

2*5«6 

C4-1 /8-TO-511R-F 

A6R36 

0757-oaao 

3 


RESISTOR IK IX .125* F TC»O*-10O 

24546 

C*-t/B-TO-lOO1-4 

AbTRt 

0360-0535 

0 


TERMINAL TEST POINT PCS 

00000 

ORDER BY DESCRIPTION 

*67*2 

03*0-0535 

0 


TERMINAL test POINT PCS 

ooooo 

ORDER BY DESCRIPTION 

AbT*! 

0360-0535 

0 


terminal test point pcb 

ooooo 

ORDER BY DESCRIPTION 

AfcTPfl 

0360-0535 

0 


terminal TEST point PCS 

ooooo 

ORDER BY DESCRIPTION 

AfeUl 

1818-0237 

i 

1 

IC R^OS 2.5K ROM CHAR 5£N 450-NS 3-S 


*0-3-2311 

A6U2 

laao-iooa 

3 

1 

IC SH4-RSTR TTL R-S PRL-IN SERIAL-OUT 

Bf xfl 

3N74165N 

AfcUS 

iiao-oboi 

6 


IC SATE TTL S 4ND-0R-INV 

BrTfl 

8N74964N 

AbUa 

1020 - 119 * 

6 

3 

IC CNTR TTL LS BIN UP/DQ*N SYNCHRO 

<1255 

8N74L8193N 

AfcUS 

taao-1144 

6 


IC CNTR TTL LS BIN UP/004N 8TNCHR0 

01295 

8N74L8193N 

A6U6 

1BS0-U9* 

6 


IC CNTR TTL LS BIN UP/004N SVNCHPO 

01295 

<N7«LS193N 

A6U7 

taao-1415 

6 


IC SCHMITT-TRIG TTL LS NANO QUAD 2-INP 

<1295 

SN74LS132N 

A6U8 

laao-iua 

8 

3 

IC P4 TTL LS D-TTPE POS-EDSE-TRIG 

<1295 

8N74L874N 

AbU9 

iaao-1430 

3 


IC CNTR TTL LS SIN SYNCHRO POI-EOGI-TRIG 

<1295 

8N74L8161AN 

AbUlO 

1820-1430 

3 


IC CNTR TTL LB SIN SYNCHRO POS-EOGE-TRIG 

<1295 

SNT4LS101AN 

AbUH 

iaao.i43o 

3 


IC CNTR TTL LS SIN SYNCHRO POS-EOGE-TRIG 

<1295 

SN7«LS|61AN 

Abuts 

laao-iaio 

7 


IC GATE TTL LS ANB-OR-INV DUAL 2-INP 

01295 

8N74L8S1N 

AbUlJ 

iaao-o*ai 

4 


IC SATE TTL S NANO GUAD 2-INP 

<1295 

8N74800N 

AbUlb 

1620-1486 

7 

1 

IC CNTR TTL LS BIN DUAL 4-BIT 

07263 

74LS39JPC 

A6UIS 

iaao-1470 

1 

4 

IC MUXR/OATA.IEL TTL LS 2-T0-I-L1NE GUAO 

01295 

SN7RLS15TN 

AbUtb 

1*20-1470 

1 


IC MUXR/OATA-SEL TTL LS 2-T0-I-LINS QUAD 

<1295 

6N74L0I57N 

AbUt T 

iaao-1470 

1 


IC MUXR/0ATA-8EL TTL LS 2-T0-I-LINE QUAD 

<1295 

8N74L8157N 

*bU|» 

iaao-o687 

0 

1 

IC GATE TTL S AND TPL 3-INP 

012<5 

8N74815N 

*6U19 

lais-ooti 

6 

1 

IC TTL S SR. BIT RAH 110-NS 0-C 

1*335 

AM 31 LOIPC 

Abuao 

iaao-iai7 

0 


IC MUxR/OATA.SEL TTL LS 8-TO-t-LINE 

<1295 

8N74L8151N 

Abuai 

isso-i29s 

1 

1 

1C MUXR/OATA-SEL TTL LS B-TO-I-LINE 

<1295 

SN7«LS2SIN 

AbUaa 

1816-1149 

2 

t 

IC TTL 8 IK ROM 65-NS 3-9 

0I2<5 

8N748287N PROGRAMMED 

»»uai 

1830-1430 

3 


IC CNTR TTL LS SIN SYNCHRO POS-EOGE-TRIG 

01295 

SN 70 L 816 IAN 

A6U24 

iaao-iao4 

4 


1C SATE TTL LS NANO DUAL R-INP 

<12<5 

8N74L820N 

A6U25 

taao-iaoa 

7 

2 

IC GATE TTL LS NANO TPL 3-INP 

01295 

SN74LS10N 

*bU5b 

ieao.i73o 

6 


IC 44 TTL LS O.TYPE POS-EOGE-TRIG COM 

01295 

8N74L8273N 

‘bUa? 

leao-uoa ; 

4 

2 

IC RGTR TTL O-TYPE 4-B2T 

01295 

8N74173N 

AbUaa 

1018-0348 j 

5 

8 

IC NMOS IK RAM STAT 3-8 

07263 

2I02LHPC 

*bU?9 

1818-0348 

5 


IC NM08 IK RAM STAT 3-8 

0T263 

2102LHPC 

*6U30 

1818-0348 

5 


IC NMOS IK RAH STAT 1-S 

0T263 

2102LHPC 


6-16 


See introduction to this section for ordering information 
“Indicates factory selected value 























Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

c 

D 

uty 

Description 

Mfr 

Code 

Mfr Part Number 

A6UH 

1818-0348 

5 


IC NM0S IK RAM STAT 3-S 

07263 

2102LHPC 

A6U32 

1820-1112 

8 


IC FF TIL L3 D-TYPE POS-EDGE-TPIG 

01295 

SN74LS74N 

A6U3J 

1820-1470 

1 


ic muxr/data-sel ttl ls 2-to-i-iinE quad 

01295 

S^74LS157N 

A6US4 

1816-1148 

1 

1 

IC ttl S IK ROM 65-NS 3-S 

012R5 

SN74I287N PROGRAMMED 

A6U35 

1820-1203 

8 

1 

IC GATE TTL LS ANiD TPL 3-2NP 

01295 

SN74LS11N 

»(>UJ6 

1816-1130 

5 

1 

IC TTL S IK ROM b5-NS 3-3 

01295 

SN74S287N PROGRAMMED 

A6U37 

1820-1030 

3 


IC CNTR TTL LS BIN SYNCHRO P08-EDGE-TRIG 

01295 

SN74LS16IAN 

*6U38 

1820-1112 

8 


IC FF TTL LS D-TYPE POS-EDGE-TRIG 

01295 

SN7UL374N 

A&U39 

1820-1197 

9 


IC GATE TTL LS NANO QUAD 2-INP 

01295 

SN74LS00N 

A6U40 

1820-0603 

8 


IC FF TTL S D-TYPE POS-EDGE-trIG 

01295 

8N74874N 

A6U41 

1820-1102 

4 


IC R5TP TTL 5-TYPE 4-BIT 

01295 

SN74173N 

A6U42 

1816-0348 

5 


IC NM03 IK RAM gTAT 3-S 

07263 

2102LHPC 

A6U43 

1818-0348 

5 


IC N M 0S IK RAM STAT 3-S 

07263 

2102LHPC 

A6UUU 

1818-0348 

5 


IC N M 03 IK RAM gTAT 3-S 

07263 

2102LHPC 

Abuas 

1818-0348 

5 


IC NMQ8 IK RAM staT 3-S 

07263 

2102LHPC 

A6U46 

1*20-0693 

8 


IC FF TTL S 0-tyPE P03-EDGE-TPIG 

01295 

SN74S74N 

A6U47 

1820-1202 

7 


IC GATE TTL L3 N AND TPL 3-INP 

01295 

SN74LS10N 

A6U48 

1820-1210 

7 


IC GATE TTL LS AND-OP-INV DUAL 2-INP 

01295 

3N74LSS1N 

A6U49 

1820-1199 

1 

1 

IC INV TTL LS HEX l-INP 

01295 

SN74LS04N 

A6U50 

1816-1131 

6 

1 

IC TTL S IK ROM 65-NS 3-8 

01295 

3N7U8287N PROGRAMMED 

AbU5l 

1820-1430 

3 


IC CNTR TTL LS BIN SYNCHRO P08-EDGE-TRI8 

01295 

SN74LS161AN 

A6U52 

1820-0693 

8 


ic xr ttl s o-tyre ros-eoge-tris 

01295 

3N74874N 

A6U53 

1820-1429 

0 


IC CNTR TTL LS DECO SYNCHRO 

01295 

SN74L3160AN 

A6XJ1S 

1200-0607 

0 


SOCKET.IC 16-C0NT OIR.SLDR 

28480 

1200-060T 

A6XU22 

1200-0607 

0 


SOCKET-IC 16-CONT DIP-3LDR 

28480 

1200-060T 

46*U!J 

1200-0607 

0 


SOCKET.IC 16-CONT DIR.SLDR 

28480 

1200-0607 

A6XU34 

1200-0607 

0 


SOCKET-IC 16-CONT DIP-3LDR 

28480 

1200*0607 

A6XU36 

1200-0607 

0 


SOCKET-IC 16-CONT DIP-3LDR 

28480 

1200-0607 

Ab*U50 

1200-0607 

0 


SOCKET-IC 16-CONT DIP-SLDR 

28480 

1200-0607 

AbXUSl 

1200-0607 

0 


SOCKET-IC 16-CONT DIP-SLDR 

28480 

1200-0607 

AfeXU32 

1200-0638 

7 


SOCKET-IC 14-CONT DIP-SLOR 

28480 

1200-0638 

A7 

01615-66513 

9 

1 

BOARD ASSEMBLY, POWER SUPPLY 

28480 

01615-66513 

A7C1 

0180-0230 

0 

8 

CAPaCITOR-FXD 1UF+-20X 50VDC TA 

56289 

150D105X0030A2 

A7C2 

0180-0230 

0 


CAPACITOR-FXD 1UF+-2QX 50 VDC TA 

56289 

150D105X0050A2 

47CJ 

0180-0230 

0 


CAPACITOR-FXD HJF+-20X 50VDC TA 

56289 

1500105X0050A2 

47C<I 

0160-0230 

0 


CAPACITOR-FXD UJFf-20% 50VDC TA 

56289 

1 500105X0050A2 

A7C5 

0180-0116 

1 

2 

CAPACITOR-FXD 6.PUF+-10X 35VDC TA 

56289 

1300685X9033B2 

47 C 6 

0160-2033 

9 


CAPACITOR.FxD .OluF +80.20* lOOvDC CER 

28480 

0160-2055 

47C7 

0160-3443 

1 


CAPACITOR-FxD . 1 UF *8o-20X 50VDC CER 

2848n 

0160-3443 

47C8 

0160 - 210 T 

0 

i 

CAPACITOR-FXD 10 PF +-5* 30OVDC MICA 

28480 

0160-2197 

A7C9 

0180-2730 

3 

2 

CAPACITOR-FxD 3300UF+100-10* 6.3V0C AL 

56289 

672D33SH6R3JE2C 

47CtO 

0160-0161 

4 

3 

CAPACITOR-FXD .OluF +-10* 200VDC polyE 

28480 

0160-0161 

47Cli 

0160-2033 

9 


CAPACITOR-FXD .oiUF +80-20* 1O0VDC CER 

28480 

0160-2055 

47Cl* 

0160-3508 

9 

7 

CAPACITOR-FXD jUF +80-20X 50VDC CER 

28480 

0160-3506 

47C1J 

0160-3443 

1 


CAPACITOR-FXD . lUF ♦8O-20X 50VDC CER 

28480 

0160-3443 

47Ctll 

0160-2035 

9 


CAPACITOR-FXO .OIUF +80-20* 1O0VDC CER 

28480 

0160-2053 

47C1S 

0160-3443 

1 


CAPACITOR-FXD .1UF +80-20* 50VDC CER 

26480 

0160-3443 

47C16 

0180-0116 

r 


CAPACITOR-FXD 6.8UF+.10* 35VOC TA 

S6289 

1500683X903582 

47C17 

0160-0)61 

4 


CAPACITOR-FXD .OIUF 4-1 OX 200VDC PDLYE 

28480 

0160-0161 

47C 1 0 

0180-2750 

3 


CAPACITOR-FXD 3S00UF+10O-10* 6.SVDC AL 

56289 

672D338H6R3JE2C 

A7CH 

0160-3508 

9 


CAPACITOR-FXO 1UF 480-20X 50VDC CER 

28480 

0160-3506 

47CJ0 

0160-2055 

9 


CAPACITOR-FXO .OIUF +80-20* lCOVOC CER 

28480 

0160-2055 

A7C21 

0160-3508 

9 


CAPACITOR-FXD 1UF +80-20* 50VDC CER 

28480 

0160-3508 

A7C22 

0160-3508 

9 


CAPACITOR-FXD 1UF +80-20X 50VDC CER 

28480 

0160-3508 

47CR| 

1901-0662 

3 

6 

DIODE-PWR RECT J00V 6A 

04713 

MR731 

A7CR| 

1901-0662 

3 


DIODE-PWR RECT 100V 6A 

04713 

MR7S1 

A7CR3 

1901-0662 

3 


DIDDE-PwR RECT !00V 6A 

04713 

MR7S1 

A7CR0 

1901-0511 

1 

1 

DICDE-PWP RECT 1NJ889R 50V 12A 200N8 

04713 

1N3689R 

A7CR5 

1684-0266 

5 

1 

THYRISTOR.SCR 2N6400 T0-220AB VRRY*50 

01928 

2N6400 

A7CR6 

1901-0662 

3 


dicde.pwr PECT i00V 6A 

04713 

MR751 

•• r w I 

1”0 J»yiot 

3 


DIODE-PWR RECT iOOV 6A 

04713 

MR73I 

A7CR8 

1901-0791 

9 

1 

DIODE-PWR RECT 1N3B89 50V 12A JOONS DO-4 

55967 

1N3S89 

A7CR9 

1901-0040 

1 


DIODE-SWITCHING 3oV 50M| 2N8 DO-35 

28480 

1901-0040 

47 CR 10 

1884-0276 

7 

t 

THYRISTOR.TRIAC T0-220AB 

26480 

1684-0276 

A7CR1t 

1901-0662 

3 


OIODE-PWR RECT 100V 6* 

04713 

MR751 

47 DS 1 

2140-0493 

5 

1 

LAMP-INCAND 55 7VDC 4l«A G-4 1/2-8ULB 

08806 

55 

47tt 

0S60-178B 

7 

2 

C0NNECT0R-8GL CONT PIN .045-IN-BSC-S2 S8 

28480 

0360-1788 

A?Ff 

2110-0002 

8 

2 

resistor-yar Control hr 5o 10 * lin 

28480 

2100-0002 

A7F2 

2110-0002 

8 


RESISTOR-VAP CONTROL HP So 10* l!N 

28480 

2100-0002 

47 P 3 

2110-0528 

4 

2 

fuse ioa usv fast-blo i.2Sx,2S ul 

75913 

312010 

47 FR 

2110-0528 

4 


fuse ioa ibbv fast-blo i.25x.25 ul 

75915 

312010 


See introduction to this section for ordering information 
^Indicates factory selected value 
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Replaceable Parts 


Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

c 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 


2360-0195 

0 

4 

SCR54-M4CM 6-32 ,312-IN-LG Pan-ho-POZI 

ooooo 

ORDER 87 DESCRIPTION 

A7H2 

2420-0001 

5 

9 

NUT-MEX-6/LK6R 6-32-TMO ,159-n-TMK 

00000 

OROER 87 DESCRIPTION 

A7HJ 

2740-0003 

5 

2 

NUT-HFX-6/LK6R 10-32-THO .IJS-IN-THK 

00000 

ORDER 87 DESCRIPTION 

A7L1 

9140-0242 

9 

2 

COIL 100UH 10% .9370X1.625LG-N0M 

J 8480 

9|40-0(4( 

A7L2 

4140-0242 

9 


COIL tOOtIH 10* .9370X1 t 625LG-N0 M 

?848o 

9140-0242 


0380-0127 

0 

2 

SPACEr-rnd ,125-TM-LG ,09-IN,10 

28480 

0360-0327 

ATMPi 

1205-0310 

2 

5 

HEAT SINK 3GL Tq,3-CS 

26480 

1205-0310 

A7Mp2 

1400-0493 

6 

2 

CABLE TIE ,062.1,25.014 .lil.RO NyL 

28480 

l4Q0-049J 


1953-0084 

0 

! 

TRANSISTOR PNP ?N49l8 31 P0«3QH PT»3 m HZ 

04713 

2N4918 


1854-0215 

1 


transistor NPN si PD»35nMR FT»3ooMHZ 

0471 3 

2NS904 


1854-0300 

5 

! 

TRANSISTOR NPN si P0*25w f TayMHZ 

28480 

i854-0300 


1853-0058 

2 


TRANSISTOR PNP si P0«3io^w fti^sqmhZ 

28480 

1853-0036 

A7R| 

0757-0479 

2 

1 

RESISTOR 392K i % ,125W F TC«o+,l0O 

19701 

"Fi(Ct/a.To.3923-F 


0680.8811 

3 

2 

RESISTOR 680 IPX ,?5W FC TCc„400/ + 60<i 

01121 

CR*811 

‘ r ‘ 

0757-0473 

6 

1 

RESISTOR 2?1K i% ,125W F TCbo*-ioo 

24546 

C4.1/S-TQ-2213-P 


0683-1505 

0 

1 

PFSIST0R 15 5% .25* FC TCs«400/+500 

01 121 

CBIS05 


0687-2201 

3 

2 

RESISTOR 2? 10% ,5W CC TC-O+Mg 

01 121 

EB2201 


0757-0442 

9 


RESISTOR 10K IX .1256 F Tc»0*-I00 

24546 

C4,1/8-T0-10O2-F 


0757-0414 

5 


RESISTOR 432 1* ,1256 F TCfO+.IOO 

24546 

C<i.i/fi,T0-432H-F 


0757-0290 

5 

t 

RESISTOR 6,19K i* ,1?5W F TC«0+-100 

J9701 

MF4C1/8-T0-6191-F 

A7R9 

0683.3225 

3 

1 

RESISTOR 2.24 5X .25* FC TC*-400/-700 

01121 

CB2225 

ATRJO 

0683-1205 

7 

2 

RESISTOR 12 5X ,256 FC TC*-400/*500 

01121 

CM 205 

*7»1 1 

0757,0278 

9 

5 

RESISTOR 1,784 1S .us* F TC*0 + -l(lF 

24546 

C4-!/8-T 0-1781-E 

47S1J 

2100-3352 

7 

1 

RESISTOR,TRMR }K 10% C SI0E-A0J 1-TRN 

28480 

2100-3352 

ATRlS 

0611-1758 

8 

8 

RESISTOR .24 5* 2* P* TCR0 + -800 

75042 

BWH2-24/100-J 

»7»t <l 

0811-1758 

e 


RESISTOR .24 5X 26 P* TC*0*-8o0 

75042 

BAM2,?a/icio-J 

ATRl5 

0611-1758 

8 


RESISTOR .24 51 26 P« TC«(H-8<<0 

75042 

B6M2-24/100-J 

A7RI* 

0683-0275 

9 

4 

RESISTOR 2.7 5% .25* FC TC«-400/*500 

01121 

CP27G5 

AJR17 

0683-0685 

5 

1 

RESISTOR 6.8 59-.256 FC TC»-“«0/t5OO 

01121 

CB6PG5 

A7R18 

0757.0200 

7 

1 

RESISTOR 5.62K IX .1256 F TC»0*«100 

24546 

C4.1/8.T0-S6(1-F 

A7R1R 

0683-0275 

9 


RESISTOR 2.7 5X ,256 EC TCP-400/Y500 

01121 

C827G5 

ATR20 

0664-5601 

7 

2 

RESISTOR 56 109 ,25* FC TCP-400/+500 

01 121 

C95601 

ATR21 

0683-3025 

3 

1 

RESISTOR 3K 5X .256 FC TC«-400/*7oO 

01121 

CB3025 

47R«? 

2100-3351 

6 


RESISTOR.TRMR 500 10X C SIOE-ADJ l-TRN 

28480 

2100-3351 

47RSJ 

0698-0085 

0 

1 

RESISTOR 2.61K IX .1256 F TCP0+-100 

24546 

C4.t/e.T0.(6ii-r 

A7R24 

0683-5125 

8 

1 

RESISTOR 5. IK 5X .256 FC TCP-400/+700 

01121 

C85125 

A7R25 

0687-2201 

3 


RESISTOR 2? 10% .5* CC TC*0+«12 

01121 

E82201 

*7»?6 

0698.3150 

6 

1 

RESISTOR 2.3TK )X ,125* F TCi0*-100 

24546 

C4-1/8.T0-2371-E 

47RJ7 

0683-1015 

7 

1 

RESISTOR 100 5X .256 FC TCf-aoO/ySOO 

01121 

C81015 

‘7»as 

0683-0275 

9 


RESISTOR 2,7 5% .25* FC TC»-400/f500 

01121 

C827G5 

ATR29 

0683-1205 

7 


RESISTOR 12 5* .25* EC TCp-4i)0/y500 

01121 

CB1205 

A7R30 

0684-3921 

0 

3 

RESISTOR 3.9K 1(|X .256 FC TC"-400/*700 

01121 

C83921 

47RJ1 

0684-6811 

3 


RESISTOR 680 10* .256 FC TC»-400/-600 

01121 

CB*811 

47RJ? 

0757-0414 

5 


RESISTOR 432 1< .1216 E TCiO + .IOfl 

24546 

C4-1/8-T0-4329-F 

47RJS 

0811-1758 

a 


RESISTOR .24 5x 26 R6 TC»0+-S00 

75042 

B*H2-24y100-J 

A7R3a 

0811-1758 

8 


RESISTOR .24 5* 26 R6 TC*l)+-800 

75042 

BWH2-24/100-J 

A7R35 

0811-1758 

8 


RESISTOR .24 5X 26 P» TC*0*-800 

75042 

B6M2-24/100-J 

47RJ» 

0757-0442 

9 


RESISTOR 10K lx .1256 F TC«0*-100 

24546 

C4,J/6-TO-l002-F 

47R17 

0757-0438 

3 


RESISTOR 5.11K i% .125* F TC«0+-100 

24546 

C4-1/8-T0-5111-F 

47PJ8 

0683-0275 

0 


RESISTOR 2.7 5X .256 FC TC«-4O0/t5OO 

01121 

C827G5 

47«JR 

0684.5601 

7 


RESISTOR 56 I0X .256 FC TC*-400/*500 

01 121 

CBS601 

47Rao 

0811-1758 

8 


RESISTOR .24 5* 26 R6 TC*0*-800 

75042 

B6H2-24/100-J 

A7»4| 

0811-1758 

8 


RESISTOR .24 5* 26 R6 TC«0*-800 

75042 

86M2-24/100-J 

A7TP1 

0360-0535 

0 


TERMINAL TEST POINT ECS 

ooooo 

ORDER 87 DESCRIPTION 

47TR? 

0360-0535 

0 


TERMINAL TEST POINT RCB 

ooooo 

OROER 0T DESCRIPTION 

ATTPS 

0360-0535 

0 


TERMINAL TEST POINT RCB 

ooooo 

ORDER 87 DESCRIPTION 

47TR4 

0560-0535 

0 


TERMINAL TEST POINT PCS 

ooooo 

OROER BY DESCRIPTION 

A7TP§ 

0360-0535 

0 


TERMINAL test POINT PCS 

ooooo 

order by description 

A7TP* 

03*0-0535 

0 


terminal TEST POINT PCS 

ooooo 

OROER 8Y DESCRIPTION 

47U1 

18(0-0439 

0 

1 

IC 9 PGLTR 14-DIP.P 

07(63 

723 PC 

47UI 

1826-0004 

7 

1 

IC 304 V RGLTR to-ioo 

07263 

UA304HC 

*7VRi 

1902-3104 

6 

2 

OIOOE-ZNR 5.62V 59 DO-7 PD1.4W TClA.016* 

28480 

1908-3104 

A 7VR2 

1902-3104 

6 


OIODe-ZNR 5.62V 59 00.7 P0».46 TCp*.016X 

26480 

1902-3104 

47X0jt 

1450-0584 

1 

1 

LAMp SOCKET MINTR-BAY-SKT 

95(63 

7-3SXP11 

47X71 

(110-02*9 

0 

8 

EUSEMOLDER.CUP TYPE.250.FUSE 

28460 

2110-0269 

ATXF( 

(110-0(69 

0 


FUSEHOLOER-CLIP TVPE.250.FUSE 

26460 

2110-0269 

47X75 

(110-0(69 

0 


fuseholoer-cup type,250.fuse 

26460 

2110-0269 

47X74 

(110-0(69 

0 


fusemolder-clIp type,250.fuse 

26480 

2110-0269 

48 

01615-66508 

j 

( 

1 

BOARD ASSEMBLY, MOTHER 

26460 

01*15-66108 
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Model 1615A 


Replaceable Parts 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

LID D^.b.4- 
i ir rai i 

Number 

c 

D 

Qty 

Description 

[TJS| 

isSEa 

Mfr Part Number 

teCi 

01«0-?770 

7 


CAPACITOP-FXD .018F+75-10X 30VDC AL 

28980 

0180-2770 

ASCi 

01S0-27T0 

7 

M 

CAPACITOR.FXD .O1SF+75.10X 50VDC AL 

28980 

0180-2770 

A«C{ 

0560-1655 

5 


C0NNECT0R-SSL CONT PIN .045-IN-BSC-SZ so 

28980 

0360-1653 

ABES 

0360-1653 

5 


CONNECTOR-SSL COM RJN .045-IN-BSC-SZ so 

28980 

0360-1651 

abEs 

0360-1653 

5 


C0NNECT0R-8GL CONT PIN .0U5-IN-BSC-8Z SQ 

26480 

0360-1653 

ABEu 

0360-1653 

5 


CONNECTOR.SSL COM PIN .005.1N.BSC.8Z SQ 

28080 

0360-1653 

AS J1 

1251-5195 

9 


CONNECTOR 9-PIN M POST TYPE 

26480 

1251-3195 

ASJ2 

1251-3276 

2 


CONNECTOR 6 -PIN m POST TYPE 

26980 

1251-3276 

A8JJ 

1251-5195 

0 


CONNECTOR 4-PIN M POST TYPE 

28480 

1251-3195 















ABRl 

0610*3921 

0 


RESISTOR 3.9K ) OX .25W FC TC*-400/+700 

01121 

CBJ921 

abR? 

0610*392! 

0 


RESISTOR 3.PK 1 OX .25* FC TC«-400/*700 

01121 

CB3921 

ASR3 

0698*31*0 

2 

i 

RESISTOR 68 2% ?W MO TC»0*-200 

28980 

0698-3180 

ASR* 

0757-0916 

7 


RESISTOR 511 1* .125* f TC«0+-100 

2959b 

Ca-iyB.T0.5i1R-F 

ABXA1 

1231-05*7 

0 

7 

CONNECTOR-PC EDGE 50-CONT/ROw 2-ROWS 

26U80 

1251-4587 

A8XA2 

1251*05*7 

0 


CONNECTOR-PC EDGE 50-C0NT/R0W 2-ROWS 

28980 

1251-4587 

A6XA3 

1251.05*7 

0 


CONNECTOR-PC EDGE 50-CONT/PQw 2-ROWS 

28980 

1251-4567 

abxaa 

1251-9567 

0 


CONNECTOP-PC EDGE 50-C0NT/P0W 2-ROWS 

28980 

1251-4587 

A8XA5 

1251*0587 

0 


CONNECTOR-PC EDGE 50-CQNT/ROW 2-POWS 

28980 

1251-4587 

A8XA$ 

1251*05*7 

0 


CONNECTOR-PC EDGE 50-CONT/RQW 2-R0W8 

28900 

1251-4587 

A0XA7 

1231-05*7 

0 


CONNECTOR-PC EDGE 50-CONT/ROW 2-R0W8 

28490 

1251-45B7 

A8XA9 

1251-0597 

? 

1 

CONNECTOR 20-PTN M POST TYPE 

28480 

1251-4547 

A8XA1J 

1251-1**6 

6 

1 

CONNECTOR-PC EDGE 15-CONT/ROW 2-R0W8 

28480 

1251-1886 

A9 

01615*66509 

3 

1 

BOARD ASSEMBLY, PROBE ThRESHOLO/INPUT 

28480 

01615-66509 

A9C1 

0160*3003 

1 


CAP AC I TOR-FXD ,1UF +8D-20X SOVDC CER 

28480 

0160-34*3 

A9C? 

0160-5993 

1 


CAP AC ITOR-FXD t iUF +B0-20* 50VDC CER 

2S480 

0160-3443 

A9C 3 

0160-3003 

1 


capacitor. rxn ,iur +8o-2ox sovoc cer 

28480 

0160-3443 

A9C4 

0160-3993 

1 


CAPACITOR-rXD .1UF +80-20* 50V0C CER 

28480 

0160-3443 

A9C5 

0160-3993 

1 


CAPACITOR.EXD .HIE +80-20* 50V0C CER 

2S980 

0160-3443 

A9CR1 

1901-0090 

1 


diode-switching sov soma 2 ns do-ss 

28480 

140l-0 040 

A9CR2 

1901-0000 

1 


DIODE-SWITCHING 30V 56«A 2NS 00-35 

28480 

1901-Q040 

A9L l 

9100-015* 

6 

1 

COIL-MLD IUH to* 0*32 .095Dx.25LS.NDM 

28480 

9140-0150 

A9R 1 

0757-027* 

9 


RESISTOR I.78K 1* ,!25w P TC«o+-100 

24546 

C4-1/8-T0-1781-F 

A9R? 

0757.0019 

0 


RESISTOR 681 1* . 1 25k F TO0+-100 

24546 

C 4 — 1/B—TO—681R-F 

A9RJ 

2100-3588 

1 

3 

RESISTOR-TRMP ln K 20% CCP TOP-ADJ 1-TRN 

28480 

2100-3588 

A9"9 

0757-027* 

9 


PESI8T0R 1.78K 1% .125W F TC«0+-lO0 

24546 

C4.1/B.T0-1781-F 

A9R5 

0757-0919 

0 


RESISTOR 681 1* ,)25w E TC*0+-100 

24546 

C 4-1/8-T0-661R-F 

A9R6 

2100-35*8 

1 


RESISTOR-TRMR jqk 20% CC P TOP-ADJ 1-TRN 

28480 

2100-3588 

A9R7 

0757-0279 

9 


RESISTOR 1.78K !» .12*W E TC*O+-!0O 

24546 

C4-1/8.T0-1781-F 

A9R8 

0757-0919 

0 


RESISTOR 681 1* ,l25w f TC*0+-I00 

24546 

C4-1/8.TO-081R-F 

A9R9 

2100-3588 

1 


RESI8TOR-TRMR ioK 20% CCP TOP-ADJ 1-TRN 

284B0 

2100-3588 

A9R10 

0757-0278 

9 


RESISTOR 1,781 1* .I25W F TC«0+-100 

24546 

C4-1/8-T0-17B1-F 

ARRl 1 

0757-0001 

0 


RESISTOR 100 1* ,125W F TC*0+-100 

24546 

C4-1/8-TO-l01-F 

A9RI 2 

0680-0271 

7 

2 

RESISTOR 2.7 10* .25w FC TC«-a00/+500 

01121 

CB27S1 

A9R1J 

0680-0271 

7 


RESISTOR 2,7 10% ,25W FC TC»-OOO/*50C 

01121 

CBPTG1 

AOSl 

3101-2118 

a 

1 

SwITCH.TGL 8UBMIN SPOT 5A 120VAC 

28480 

3101-2118 

A98? 

3101-2118 

9 


SWITCH-TGI SUBMJN SPDT 5A 120VAC 

28480 

5101-211* 

A9S5 

3101-2118 

9 


Switch.TGL SUBMJN SPOT 5A 120V»C 

28480 

3101-2118 

A9«l 

01615-61607 

? 

1 

CARLE ASSEMBLY, INTERCONNECT FOR A9 

28480 

01615-61607 

A 1 0 

01615-66510 

6 

1 

BOARD ASSEMBLY, KEYBOARD 

26480 

01615-06510 

A 1 0 C 1 

0180-0229 

7 


CAPACITOP-FXO 3JUF+-10X 10VDC TA 

56289 

1500330X901062 

A 1 0 C 3 

0160-3622 

8 

3 

CAPACITOP-FXD ,!OF *80-20% 100VDC CER 

26654 

2130Y5VIO0R104Z 

A1 OCA 

0160-2198 

1 


CAPACITOR-FXO 20*F +-5X 300VDC “ICA 

J6480 

0160-210S 

AlOCI 

0160-21** 

1 


CAPACITOP-FXD 20PF +.5* SOCVDC MICA 

26460 

0160-210* 

AlOCb 

0160-219* 

1 


CAPACITOR-FXO ?oPF +.5* 300VDC MICA 

26480 

0100-2196 

AlOCT 

0160-219* 

1 


CAP AC ITOR-FXD 20PF ♦ •5% 300VDC MICA 

26460 

0160*2198 

AlOCI 

0160-2055 

9 


CAPACITOR-FXO .01UF +80-20* 100V0C CER 

zs+so 

0160-2055 

A10C9 

0160*2055 

9 


CAPACITOR-FKD ,oiUF +80-20* 1OOVDC CER 

26400 

0160-2055 

Ajoeio 

0160-3622 

8 


CAPACITOP-FXD ,iUF +00-20* lOOVOC CE» 

2065* 

2130Y5V100R104Z 

AlOCI1 

0160-3622 

8 


CAPACITOP-FXD ,!UF ♦80-20% 10OVDC CER 

26654 

2130Y5V100R104Z 

AlOEl 

0360-1788 

7 


CONNECTOR.SSL CONT PIN . 045-IN.BSC-8Z SQ 

26400 

0360.17S8 

l.BU*. 

»,**„*. 0« 

_U 

56 

*rer*,_M,4CM fee-S' 3 PAN-*D~BO* l 

ft ft ArtAS 

nRnre fw dfscsipticn 

AlO«R2 

03*0-05*5 

2 

3 

STANDOFF-RVT-ON ,151.IN-LG 6-52THD 

oecoo 

ORDER IY DESCRIPTION 

AlO“R3 

01615-00701 

T 

i 

SUPPORT, KEYSWITCH,SHEET «E7AL PLATE 

26460 

01015-0*701 

A10R1 

0757.0060 

t 

i 

RESISTOR 90.9 1* .l25w F TC»0*-100 

2*5*6 

C4.j/6.T0.feRf-F 

A10R2 

0757-0280 

7 


RESISTOR 150 1* .125W F TC»0+-I00 

24546 

C4-1/S-T0.151-F 

AJORJ 

0757-0280 

3 


RESISTOR IK l* .125* F TC«0+-100 

2*5*6 

C*-l/8-TO-iOOl-F 

AioRa 

0757-02*0 

7 


RESISTOR 150 1* .125W F TC*0+.100 

24546 

C4-1/0.T0-151-F 

A)0R* 

06*0-1031 

9 

l 

RESISTOR |ok 10* .I5W FC TC*-«00/*700 

01121 

CB10 31 


See introduction to this section for ordering information 
♦Indicates factory selected value 
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Replaceable Parts 


Model 1615A 


Table 6-1. Replaceable Parts (Cont’d) 


Reference 

Designation 

HP Part 
Number 

c 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 


0757-0*39 

* 

1 

RESISTOR 6.61K \X ,|25* F TC»0+-100 

3454b 

C9-1/8-T0-681I-F 


0757*0271 

* 

l 

RESISTOR 3,0 | K \X ,125* F TC«0+-J00 

24546 

C4-1/S-T0-1011-F 

ll ■_ ... 

0757-0280 

3 


RESISTOR IK 1* .125W * TCiOt-100 

3*596 

C 9 — 1/8-TO-lOO1-F 

AI0R9 

0757-0280 

i 


RESISTOR l« IS .125* f TC«0+.!00 

29596 

C4.1/8.T0-10C1-F 

A10R10 

0757-028* 

7 


RESISTOR 150 1* , 125W F TC»0*-100 

34546 

C 4-1/8-T0-151-P 

• 10R11 

0757-03*0 

3 


RESISTOR IK IS . 1 25* f TC»0*-100 

24546 

C4-1/8-T0.J001-F 

A f Oft f 2 

0757-038* 

7 


RESISTOR ISO IS ,I25W F TC»0F-100 

2A5«6 

C4-1/8-T0-151-F 

A 1ORt 3 

0757-0*00 

9 


RESISTOR 90.9 1% ,125w F TC«0+-100 

24546 

C9-1/S-T0-60R6.F 

Most- 







*10836 

3101-2137 

7 

*i 

SWITCH-R* SP3T.no MOM 

26460 

3101-2137 

A t OUl 

1820-0*91 

* 

1 

IC DCDR TTL BCO.TO.OEC 0-T0-10-LINE 

01295 

3N74145N 

*10U2 

1830-1**0 

5 

1 

IC LCM TTL LS 011*0 

012*5 

SN79LS279N 

*toui 

1*21-0002 

5 

1 

TRANSISTOR ARRAY 

M93B 

C*3045 

*10*11 

01615-61.606 

1 

1 

cable assembly, keyboard 

28480 

01615-61606 

*12 

01615-66513 

ft 

1 

BOARD ASSEMBLY, EXTENDER 

28480 

01613-66512 

*11 

01611-66503 

3 

2 

BOARD ASSEMBLY, DISPLAY DRIVER 

38480 

01611-66503 

*11C 1 

0160-016! 

u 


CAPACiTOR-FKD .01IJF +-10S 200V0C rolte 

2848(3 

0160-0161 

*nca 

0190-01** 

6 

1 

CAP*CITOR-FxD 240RF +-5s 300VOC MIC* 

72136 

0«l5F29lJ0300NVlCR 

*11C1 

01*0-0097 

7 

6 

CAPACJTOR-FxD 117UF+-10S 15VOC T1 

56289 

1500976X601582 

At3C4 

01*0-0106 

9 

3 

CAPACITOR-Pxb 60UF+-20S 6V0C T* 

56286 

150*606X000682 

*11C5 

01*0-0007 

7 


C*PACIT0R-P*0 (ITUFy-IOS 35V0C T* 

56389 

150D976X«035I2 

*UC(. 

0160-**55 

7 

1 

CAPACITOR-FXD 10UF ♦-105C 5OV0C MET.POLYC 

28480 

0160-9955 

*11CT 

0160-1127 

* 

2 

CAPACITOP-FXD .033LiF + -5X 400VDC POLYg 

8441 1 

663UW22336W2 

*11C« 

0160-1*10 

0 

1 

CAPACITOR.FXD RIJF t-ios 50VOC «ET.P0LYC 

28480 

0160-3830 

A t3C9 

01*0-0210 

0 


CAPACITOR-FXD 1UF+-30X 50VDQ TA 

56286 

1500105X0050*2 

*11C10 

01*0-0210 

0 


CAPACITOR-FXD 1UF+-20X 50V0C TA 

56286 

1500105*0050*2 

»iieit 

0160-0330 

0 


CAPACITOR-FXD 1UF+-30X 50VDC TA 

56389 

1500105X0050 A2 

* 11C 12 

0160-3506 

9 


CAPACITOR-FXD 1UF +80-20X 50VDC CER 

28480 

0160-3508 

*llC11 

0180-1701 

2 

1 

CAPACITOR-FXD 6.8UF+-20X 6VDC TA 

56289 

1500665X0006A2 

‘lieia 

0160-1762 

7 

2 

CAPACITOR-FXD .ft«UF +-5X 50VDC MET-POLVC 

28*80 

0160*3762 

*11C 15 

0160-1762 

7 


CAPACITOR-FXD .feftUF +-5X 50VDC MET-POLYC 

28460 

0160*3762 

»llCl* 

01*0-0097 

7 


CAPACITOR-FXO 07UF+-10S 15V0C T» 

56289 

1500476X903583 

*1 5Cl 7 

0180-1*10 

3 


C*P*CIT0P-FXD I00U*»T5-10S sovoc *l 

56289 

30D107S0500H2 

• HClt 

01*0-0007 

7 


CIPACITOR-FXO (I7UF+-10S 15V0C T» 

56286 

1500976X603532 

*nei* 

0160-1127 

6 


CARAClTOR-FXO .022UF +-5S UOOVOC ROLYE 

6441 1 

663UH?2359w2 

*11C20 

01*0-2667 

1 


CASACITOR-PXO 150UF+-10S 20VOC T4 

56286 

1500157X902082 

•11C2I 

01*0-0210 

0 

1 

CAPACITOP-FXD 1UF+-30X 50V0C TA 

56286 

1500105*0050*2 

•11C22 

0160-2055 

9 

■ 

CAPACITOR-FxD .OlUF ♦60-20X 100VDC CfR 

28460 

0160-2055 

*iicai 

0160-3506 

9 

■Be 

CAPACJTOR-FXD \UF +80-20X 50VDC CEP 

28460 

0160-3508 

*11C2« 

01*0-0106 

9 


CAPACITOR-FXD 60UF+-30X 6V0C TA 

56289 

1500606X000682 

*|1C25 

01*0-0097 

7 


CAPACITOR-FxD <17 uFf»10S 15V0C T* 

5628« 

1500976X901582 

*llC26 

0180-0007 

7 


CAPACITOR-FXD (ITUFf-IOS 15V0C T‘ 

56289 

1500476X903583 

*11C2T 

0160-***9 

9 


CAPACITOR-FxD *200pr Y-10S 900VDC POLYE 

26480 

0160-9949 

*HC2t 

0160-3665 

9 


CAPACITOR-FxD ,OU)F 7*0-20* 500YDC CER 

28480 

0160-3665 

»13C?<! 

0160-3665 

9 


CAPACITOR-FXD .01UF 780-20* 500YOC CER 

28980 

0160-3665 

•licio 

0160-3665 

9 


CAPACITOR-FXD .OlUf 6*0.20S SOOVDC CER 

26480 

0160-3665 

•licit 

0160*3665 

9 


CAPACITOR-FXD ,01UF 7*0-20* 500VDC CER 

26480 

0160*3665 

*1102 

0160-1665 

« 


CARACITOR-FXD ,01UP 7*0-20* SOOUOC CER 

26460 

0160-3665 

•IlCll 

0160-3665 

9 


CAPACITOP-FXD .OlUF t60-20X 500VDC CER 

26480 

0160-3665 

•no* 

0160-220* 

0 


CAPACITOR-FXD 100PF 7-5* 100VDC MICA 

28980 

0160-3204 

»|1C1? 

01*0-0106 

9 


CAPACTTOR-FXD 60UF+-30X 6V0C TA 

56286 

1500606X0006*2 

•licit 

01*0-00** 

* 

i 

CARACITOR-FXD 100U*7-20S 20V0C TA 

56286 

lSoOl07X002082 

*1107 

0160-3506 

9 


CAPACITOR-FxD JUF ♦60-20X 50VDC CER 

2*980 

0160-3506 

A13CR1 

1901-0767 

9 

3 

0J00E-PWP RECT *j06V 6A 

09711 

7 754 

*UCR2 

1901-0000 

1 


DIODE-SWITCHING 10V SOM* 2NS 00-15 

26460 

1*01-0090 

•licm 

1901-0029 

6 

5 

OIODE-PWR RECT 600V 750M DO-29 

28980 

1*01-0029 

A13CR4 

1901-0767 

9 


0IODE-PwR RECT flOOV 6A 

097U 

7 754 

•lICRS 

1901-0029 

6 


DIOOE-PWR RECT 600Y 750M* 00-26 

26480 

1901-0039 

MICRO 

1901-0029 

6 


DIODE-PWR RECT bOOV 750MA DO-29 

26460 

1*01-002* 

A13CR7 

1901-0767 

9 


0I0DE-PPR RECT 400V 6A 

09711 

7 759 

•llCRt 

1901-0029 

6 


0I00E-PPR RECT 600V 750MA 00-29 

26460 

1*01-0029 

A13CRR 

1901-0029 

6 


OIOOE-PHfl RECT 600V 750MA D0-|9 

28460 

1901-002* 

•lSHl 

2160-0201 

9 

■1 

SCPEM.MACH 6-32 ,5-IN.LG PAN-HD-POZI 

00000 

ORDER BY DESCRIPTION 

•HH2 

2*20-0003 

7 


NUT-MEX-DSL-CHAM 6-32-THD ,094-IN-TMK 

ooooo 

ORDER BY DESCRIPTION 

•tlMl 

2260-0001 

5 

iSI 

NUT-HEX-06L-CHAM 4-90-THO ,096-IN-THK 

28460 

3260-0001 

*llH« 

21*0-0018 

5 

6 

WAShIr-lk HLCL NO, 6 ,161-1N-ID 

289*0 

2190-0018 

• HH! 

2190-0019 

6 

6 

MSmEr-LK HLCL no. * •115-IN.ID 

21980 

2190-001* 

*|1H» 

1050-0016 

6 

6 

WASHER.FL MTLC NO. 6 ,Jtt7.IN-ID 

26460 

1050-0016 

*11M7 

1050-0215 

3 

1 

WASWER-FL WTLC NO. A .H7.IN.ID 

289*0 

3050-0238 
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Model 1615A 


Replaceable Farts 


Table 6-1. Replaceable Parts (Cont’d) 


1 1CIUI Cl IUC 

Designation 

UD Do»-+ 

■ ii i ai t 

Number 

D 

Qty 

Description 

ESsa 

Mfr Part Number 

M3L1 

9100-3930 

4 

1 

COIL 2.5MH 10* '.6250X1,0S7LG-N0M 

Kirim 

9100-3930 

»iiii 

9100-3877 

6 

1 

COIL-MLD 290MH SRFbIKHZ 

28480 

9100-3877 

A13L3 

9160-3931 

5 

i 

COIL 700UH 10* .6DX1.937LG-N0M 

28480 

9100-3931 

A13L9 

01611-86001 

6 

1 

INDUCTOR, FXD 0.6 UH 

28480 

01611-06001 

tills 

91 **0*0111 

i 

1 

COIL-MLD 3.SUH 105 B»33 , 155DX.375L6-N0M 

28480 

9140-0111 

* 13 M P1 

1205-0310 

2 


HEAT SINK SSL T0-S-CS 

28400 

1205-0310 

tlJMpj 

0380-0389 

9 

3 

6T4NOo8r-RVT.ON 1.25-IN-LG 6-32THD 

28480 

0360-0384 

tlJMPJ 

1900-0299 

0 

2 

CABLE TIE .062-.625-DI4 ,091-tsD NyL 

28480 

1900-0299 

tijaj 

1859-0751 

0 

3 

TRANSISTOR NPN JN5840 SI TO-3 PD*i00* 

07263 

ZN5890 

tisas 

185*1-0558 

5 

1 

TRANSISTOR NPN 81 DARL P0i70W FT«1M8Z 

28400 

1B54-0558 

a . 5^3 

1853-0334 

* 

• 

TDAMttflTflO DUP gj OAPL PD*???,' 

04713 

iui JP <090 

4t3Q« 

1859-0215 

1 


TRANSISTOR NPN SI PDbS50^W FTbSOOMHZ 

04713 

2N3904 

tisas 

1859-0330 

1 

1 

TRANSISTOR NPN SI PD«21W FTbioMHZ 

28480 

1854-0330 

*1506 

1854-0751 

0 


TRANSISTOR NPN 2N5840 SI T0-3 PDbIOOW 

07263 

2N5840 

41307 

1859-0215 

1 


TRANSISTOR NPN SI PD*3SOMW rT»300MHZ 

04713 

2N3904 

41306 

1853-0036 

2 


TRANSISTOR PNP si PDB310MW FTb250MHZ 

28480 

1853-0036 

*|30« 

1859-0751 

0 


TRANSISTOR NPN 2N5840 SI TO-3 PDbIOOW 

07263 

2N5840 

413010 

1859-0215 

1 


TRANSISTOR NPN 81 PDb35QM* FT«300MHZ 

04713 

2N3904 

*13011 

1859.0215 

1 


TRANSI8TOR NPN si R0 p35o«* ET»300MHZ 

04713 

2N3904 

*13012 

1854-0215 

1 


TRANSISTOR NPN SI RO*350M* ET»3O0MHZ 

04713 

2N3904 

*13013 

1853-0036 

2 


TRANSISTOR RNP SI P09310M* ET*250MHZ 

28980 

1853-0036 

*|JRl 

0757-0812 

7 

1 

RESISTOR 932 1* .5* 8 TCP0+-100 

28400 

0757-0812 

*13BJ 

0757-0992 

9 


RESISTOR 10* 15 .125* P TC*0+-100 

24546 

C9-1/8-70-1002-E 

AlJRj 

0811-1678 

1 

2 

RESISTOR 10 55 2H P* TC*0+-900 

75092 

SHH2-1OR-J 

AlJB« 

0698-3605 

6 

! 

RESISTOR 15 55 2W *0 TC»0+-200 

27167 

EP92-2-70Q-15R0-J 

A13R5 

0757-0«0! 

0 


RE8IST0R ino 1* ,125W p TC90+-100 

24546 

C9-1/8.T0-101-E 

4l3»6 

2100-3576 

7 

1 

RESIST0R-VAR CONTROL CC 50 1OSC LIN 

01121 

73M45024550QU 

A1SR7 

0757-0280 

3 


RESISTOR IK 15 ,125* F TCiOt-100 

24546 

C4-1/0-TO-1OO1-F 

A13R6 

0757-0057 

6 


RESISTOR 47.5K \X .125* F TCaOflOO 

24546 

C«-1/8-70-9752-E 

A13R9 

0757-0957 

6 


RESISTOR 47,5K 1* ,125* F TC»Of«100 

24546 

C9-1/S-T0-9752-E 

413R10 

0757-0657 

6 


RESISTOR 47.5K IX .125* F TCbO*-100 

24546 

C9-1/8-T0-9752-E 

tlJRl 1 

0757-0457 

6 


RESISTOR 97.5K 15 ,125* F TC»0+-100 

24546 

C9.1/6.TO-9752-E 

*lJR12 

0757-0283 

6 


RESISTOR 2K 15 .125* F TCpOt-100 

24546 

C9.1/6-T0.2001-E 

AllRlJ 

0757-0283 

6 


RESISTOR 2K 15 .185* F TC»0t-!00 

24546 , 

C9-1/B.T0.2001-E 

At3R|9 

2100-3252 

6 


RESISTOR-TRMR 5K 1 OX C T0P-ADJ 1-TRN 

28980 

2100-3252 

AlJRlS 

0757-0283 

6 


RESISTOR 2K ix .125* F TCbq*-100 

24546 

C9-1/8.T0.2001-E 

AlSRl* 

0757-0937 

2 

3 

RESISTOR 9.T5* 18 .125* F TC«0*-100 

24546 | 

C9-1/S-T0-9751-E 

413R17 

0757-0988 

3 

3 

RESISTOR 909K l* .1256 F TCpOt-100 

20400 

0757-0488 

A»3*l6 

2100-3213 

9 

1 

RESISTOR-TRMR ? 0 0K 10X C T0P-ADJ 1-TRN 

28480 : 

2100-3213 

*|3Rl» 

0757-0970 

3 

2 

RESISTOR 162K 15 .125* F TC»0*-100 

24546 

C9-1/8-70-1623-E 

*13R?0 

0757-039*1 ! 

0 


RESISTOR 51.1 15 ,125* F TC»Ot-10O 

24546 

C9-1/S.T0-51R1-E 

*13»J1 

0757-0OJ7 

?. 


RESISTOR 4.75* t X .125* F TCtO*-lOO 

24546 

C9-1/8-70-9751-E 

A!3R33 

0757-09?" 

3 


RESISTOR U2K 1% .125* F TCsGt-100 

2«5«6 

C9.1/S-T0-1625-E 

*13923 

2100-3252 

6 


RESISTOR-TRNR 5K 105 C TOP-AOJ i-trn 

20400 

2100-3252 

*|3R?9 

0698-5*»37 

6 

1 

RESISTOR 12K ,1* .125* F TC»0t-50 

28980 

0698-5437 

A13R2S 

0698-5937 

6 


RESISTOR 12K # 1X .125* F TC10+-50 

20480 

0698-5937 

*l3R26 

0698-5920 

7 

2 

RESISTOR 3.879k ,15 .125* F TC«0+.50 

28400 

0698-5420 

*13R?7 

0691.5920 

7 


RESISTOR 3.ST9K .15 ,125* E TC»0t-50 

28480 

0698.5420 

A1 3R?8 

0757-0907 

6 


RESISTOR 200 15 .1251* E TC»0t-100 

24546 

C9-1/8-TO-201-E 

»13R?S 

0757-0«37 

2 


RESISTOR 9.75K is .125* E TCpOt-IOO 

29596 

C9-1/8.T0-9751-E 

A13RJ0 

0757-0283 

6 


RESISTOR 2 K 15 .125* E TC«0t-100 

29596 

C9-1/B.TO-2001-E 

AlSRSl 

0757-0901 

0 


RESISTOR 100 15 .1258 E TC*0*-I00 

24546 

C4-1/8-T0-101-F 

AlSBIJ 

0811-1671 

4 

1 

RESISTOR 2.7 55 2* PH TC»0T-900 

75092 

B*H2-2R7-J 

AI 3R33 

0757-0804 

7 

1 

RESISTOR 200 15 .5* f TC90+-100 

28980 

0757-0809 

AlJR3« 

0757-0«01 

0 


RESISTOR 100 15 .125* E TC»06-!00 

24546 ‘ 

C9-1/8-TO-l0l-E 

»13»3S 

0757-0457 

6 


RESISTOR 97.5K i5 .125* E TC»0»-100 

29596 

C9-1/8-T0-9752-E 

A1 3936 

0757-0457 

8 


RESISTOR 47.5K ix .125* F TCiOt-lQO 

24546 

C9-1/8.T0-9752-E 

913*37 

0757-0457 

6 


RESISTOR 47,5K ?x .125* F TC»0+-100 

29596 

C9-1/8.T0-9752-E 

A15R38 

0757-0457 

6 


RESISTOR 47.5K ,l25w F Td0 + -lO0 

24546 

C9-1/8-T0-9752-E 

A13R39 

0757-0280 

3 


RESISTOR IK lX .125* F TC*0+-100 

24546 

C9-1/8.T0-1001-E 

*l3B«o 

2100-3252 

6 


RESISTOR-TRMR 5K 105 C TOR-ADJ 1-TRN 

28480 

2100-3252 

»13R«1 

0757-0280 

3 


RESISTOR iK IX .125* F TC«0*-100 

24546 

C9-1/8.T0-10O1-E 

*13R92 

0757-0280 

3 


RESISTOR IK 15 .125* F ?e»OT-100 

29596 

Cn-i/o-Ta-iooi-E 

AURfll 

0811-1678 

l 


RESISTOR 10 55 2* P* TC«0*-900 

75092 

b*hi-ior-j 

AjjRaa 

0684-1041 

i 

2 

RESISTOR 100K 105 .25* EC TC».9O0/tS00 

01121 

C81091 

A13R95 

2100-0569 

; 2 

1 

RESISTOR-TRMR JOX C TOP.AOJ 1-TRN 

28980 

2100-0569 

AIM46 

0689-1091 

; t 


RESISTOR 100* 10X .25* FC TCB-4OO/t0OO 

01121 

CS1091 

Al3R«7 

0757-0488 

3 


RESISTOR 90RK 15 .125* E TC*0*-100 

28980 

0757*0488 

A1JR48 

0757-0488 

3 


RESISTOR 9q9k 15 .125* F TC»0T-100 

28480 

0757-0488 

jk tXOltO 


i 6 


TATflQ at B* i« f TC«ft*-lAO 


C4-i>A.T0-4752.F 

ilJR50 

0757-0401 

: 0 


RESISTOR 100 15 .125* F TC«0+-100 

24546 

C9-1/8.70-101-E 

AlSRSl 

0757-0159 

5 

2 

RESISTOR IK 15 .5* E TCpq — 100 

28980 

0757-0159 

A1SRS2 

0757-0399 

0 


RESISTOR 5l. l ix .l* 5 * F 7C*Ot-iOO 

24546 

C9.1/8.70-S1R1-E 

A13RS3 

0757-0394 

0 


RESISTOR 51.1 IX .I25w F TCb0+-10O 

24546 

C9-1/8-T0-51R1-E 

A13R54 

0698-0090 

7 

1 

RESISTOR 464 IX ,5W F TC«0+-tO0 

28400 

0698-0090 

A13RSS 

0757-0412 

3 

1 

RESISTOR 365 15 ,125* E TC»0+-100 

29596 

C 4* 1/8-TO-J659*F 


See introduction to this section for ordering information 
indicates factory selected value 
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Table 6-1. Replaceable Parts (Cant’d) 


Reference 

Designation 

HP Part 
Number 

C 

D 

Qty 

Description 

Mfr 

Code 

Mfr Part Number 

411R56 

0757.02B4 

n 


RESISTOR ISO 1* ,1*SW F TCPO—IOO 

*4346 

C4-1/0-TO-151-F 

A11R57 

0757-0464 

E'l 


RESISTOR 150K \% .125W F TC«0+-100 

*4346 

C4-1/8-T0-1S03-F 

lllRSB 

0TS7.04S1 

rl 


RESISTOR 30,IK IX ,1256 f TC-O+-100 

*4346 

C4-1/S.T0-1012-F 

411R54 

0757*0«01 

■•I 


RESISTOR 100 IS .123SI F TCsOT-100 

24546 

C«»l/ScT0*l01*F 

411R60 

*100.3*14 

u 


RESIST0R-TRMR 100K 10X C T0P-ADJ 1-TRN 

28480 

2100-3214 

M1R61 

*100.1*3* 

H 


RESISTOR.TR«R 5K 10S C T0R-ADJ 1-TRN 

28480 

*100.1*3* 

Ajmi 

0717.0130 

Q 


RESISTOR IK 1* ,3* P TC40T-100 

20480 

0737-0134 

M1TI 

3061.1**0 




28480 

3061-12*6 

MIT* 

0100*10*7 

U 

i 

TRANSFORMER flyback 

28460 

9100-3927 

mitpi 

0360-0535 



TERMINAL TEST POINT PCB 

ooooo 

ORDER BY DESCRIPTION 

M1TR* 

0160.0313 

0 


TERMINAL test point pcs 

00000 

ORDER BY DESCRIPTION 

AllTRl 

0360.0313 

0 


TERMINAL TEST POINT PCS 

00000 

ORDER BY DESCRIPTION 

M1TP4 

0160*0313 

0 


TERMINAL TEST POINT PCS 

00000 

ORDER BY DESCRIPTION 

M1TP5 

0360*0333 



TERMINAL test point PCB 

OOOOO 

ORDER BY DESCRIPTION 

»llTP6 

0360*0335 



TERMINAL TEST POINT PCB 

ooooo 

ORDER BY DESCRIPTION 

*llTP7 

0360*0535 

0 


TERMINAL TEST POINT PCB 

ooooo 

OROER BY DESCRIPTION 

tllTPS 

0360*0335 

0 


TERMINAL TEST POINT PCB 

ooooo 

ORDER BY DESCRIPTION 

M1TP4 

0160-0313 

0 


TERMINAL TEST POINT PCB 

ooooo 

ORDER SY DESCRIPTION 

MlTPIO 

0360.0315 

H 


TERMINAL TEST POINT PCS 

ooooo 

ORDER SY DESCRIPTION 

MlTPli 

0360.0515 



TERMINAL TEST POINT PCS 

ooooo 

OROER BY DESCRIPTION 

MITPI* 

0360.0515 

H 


TERMINAL TEST POINT PCB 

ooooo 

OROER IT DESCRIPTION 

Miui 

16*6.0*54 

R 

4 

IC OP AMP op 6-DI»*P 

04T11 

MC1741SCPl 

M1U2 

16*6.0254 

9 


IC QP AMP OP B-OIP-P 

04713 

MC17418CP1 

M1U1 

16*6.0*34 

9 


IC OP AMP OP S.OIP-P 

04711 

MC1741SCP1 

M1U4 

16*6.0*34 

9 


IC OP AMP GP 8-OIP-P 

04713 

MC1T41SCP1 

Al3u5 

1**0-142* 

3 


IC MV TTL LS MqnOSTBL RETRIO 

01*43 

3N74LS122N 

M1U6 

18*0-1746 

D 


IC DRVR TTL DUAL 2-INP 

*7014 

DS36UN 

AI3VR1 

1902*0041 

N 


0I0DE-ZNR 5.11V 5X 00.7 PD«,4* TC*-,009X 

20400 

1902-0041 

AllVR* 

140*.0541 



OIOOE-ZNr 41.2V 10S DO-15 R0»1W TCM.OSX 

20400 

1902.0591 


Table 6-2. List of Manufacturers’ Codes 


Mfr 

No. 

Manufacturer Name 

Address 

Zip 

Code 

OOOOO 

ANY SATISFACTORY SUPPLIER 




011*1 

allen-bradley co 

MILWAUKEE 

wx 

53204 

01*4$ 

TEXAS INSTR INC SEMICOND CMPNT DIV 

DALLAS 

TX 

75222 

01928 

RCA CORP SOLID STATE DIV 

SOMfRVILLE 

NJ 

08876 

04711 

MOTOROLA SEMICONDUCTOR PRODUCTS 

PHOENIX 

AZ 

85062 

0631A 

ITRI INC 

BURR RIDGE 

IL 

60521 

0T263 

FAIRCHILO SEMICONDUCTOR DIV 

MOUNTAIN VIEW 

CA 

94042 

00*61 

SPECTRA-STRIP CORP 

GARDEN GROVE 

CA 

92642 

06606 

GC CO MINIATURE LAMP prod oert 

CLEVELAND 

OH 

44112 

14936 

GENERAL INSTR CORP SEMJOON PPQD GP 

HICKSVILLE 

N V 

11802 

19701 

MEPCO/ELECTRA CORP 

mineral WELLS 

TX 

76067 

24546 

CORNING GLASS WORKS (BRADFORO) 

BRADFORD 

PA 

16701 

*6654 

VARADyNE INC 

SANTA MONICA 

CA 

90404 

*7014 

NATIONAL SEMICONDUCTOR corr 

santa clara 

CA 

95051 

*7167 

CORNING GLASS WORKS (WILMINGTON) 

WILMINGTON 

NC 

28401 

27777 

VARO SEMICONDUCTOR INC 

garland 

TX 

75040 

*6460 

HEWLETT-PACKARD CO CORPORATE HO 

PALO ALTO 

CA 

94304 

14135 

ADVANCED MICRO DEVICES INC 

iunnyvale 

CA 

94066 

55967 

FMC SEMICONDUCTOR PRODUCTS OPER 

BPOOMPIELD 

co 

80020 

56*64 

SPRAGUE ELECTRIC CO 

NORTH ADAMS 

M A 

01247 

7*136 

ELECTRO motive CORP SUB IEC 

WILLIMANTIC 

CT 

06226 

7304* 

TRW INC PHILADELPHIA DIV 

PHILADELPHIA 

■A 

19106 

75415 

LITTELFUSE INC 

OES *LAINI8 

IL 

60016 

6441 1 

TRW CAPACITOR DIV 

ogallala 

NE 

69153 

*6*63 

LEECRAPT WPG CO INC 

LI CITY 

NY 

11101 

45467 

WECKESSER CO INC 

CHICAGO 

IL 

60641 
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SECTION VII 

MANUAL CHANGES 


7-1. INTRODUCTION. 

7-2. This section contains information required to back¬ 
date or update this manual for a specific instrument. 

7-3. MANUAL CHANGES. 

7-4. This manual applies directly to the instrument 
having the serial prefix shown on the manual title page. 
If the serial prefix of your instrument is not the same as 
the one on the title page, find your serial prefix in table 7- 
1 and make the changes to the manual that are listed for 
that serial prefix. When making changes listed in table 
7-1, make the change with the highest number first. 
Example: if backdating changes 1,2, and 3 are required 
for your serial prefix, do change 3 first, then change 2, 
and finally change 1. 

7-5. If the serial prefix of your instrument is not listed 
either on the title page or in table 7-1, refer to an enclosed 
MANUAL CHANGES sheet for updating information. 
Also, if a MANUAL CHANGES sheet is supplied, make 
all indicated ERRATA corrections. 


Table 7-1. Manual Changes 


Serial Prefix 

Make Changes 

1742A 

5 thru 1 

1825A 

5 thru 2 

1849A 

5 thru 3 

1905A 

4,5 

1922A 

5 


CHANGE 1 

Table 6-2, 

A7: Change HP and Mfr Part Nos. to 01615-66507. 

Delete: A7C22. 

A7CR5: Change to HP Part No. 1884-0082, THYR SCR 
2N4441. 

A7CR10: Change to HP Part No. 1884-0217, THY- 
RISTOR-TRIAC. 

Delete: A7R40 and A7R41. 

A7VR1: Change to HP Part No. 1902-0041, DZ 5.11 V 
5%, 400 MW. 

Schematic 2, 

Delete: A7C22, A7R40, and A7R41. 

A7CR5: Change HP Part No. to 1884-0082 and Mfr 
Part No. to 2N4441. 

A7CR10: Change HP Part No. to 1884-0217 and Mfr 
Part No. to MAC-10-2. 

A7VR1: Change HP Part No. to 1902-0041, Mfr Part 
No. to SZ10939-98, and value to 5.11 V. 


CHANGE 2 

Table 6-2, 

A5: Change HP and Mfr Part Nos. to 01615-66505. 
A5U2: Change to ROM 6 — Not part of standard 
instrument. 

Add: A5XU2. Same as A5XU8. 

Schematic 8A, 

Delete: A5U2. 

Add: A5U2, ROM 6, in parallel with ROM 0 
through ROM 5. 

A5U1 pin 9: Connect to ROM 6 pin 20. 

LRAMA: Show supplied by pin 7 of A5U1. 

U25C pin 10: Disconnect from A5U2 pin 7 and 
connect to LRAMA. 

CHANGE 3 

Table 6-2, 

Delete: J4. 

MP55: Change HP and Mfr Part Nos. to 01615-00202. 
Delete: A7DS1, A7E1, A7MP1, and A7XDS1. 

Schematic 2, 

Delete: +5-volt circuit from A7 to J4. 

CHANGE 4 

Table 6-2, 

A6: Change HP and Mfr Part Nos. to 01615-66506. 
A6C8: Change to HP Part No. 0140-0199, CAPACI- 
TOR-FXD, MICA, 240pF, 5%, 300V, Mfr Code 28480, 
Mfr. Part No. 0140-0199. 

Delete A6XU51. 

Schematic 10A, 

A6R2/A6C3 Junction: Add TO U14 PIN 1. 

U51 Pin 11: Add TO U14 PIN 1. 

A6C8: Change value to 240 pF. 

Schematic 10B, 

U14A pin 1: Show signal from A6R2/A6C3 junction. 

CHANGE 5 

Table 6-2, 

A5: Change HP and Mfr Part Nos. to 01615-66515. 
Add A5R38, HP Part No. 0757-0280, RESISTOR IK 
1% .125W F TC=0±100, Mfr Code 24546, Mfr Part 
No. C4-1/8-TO-1001-F. 

Schematic 8B, 

U18C: Disconnect pin 9 and reconnect it to +5V 
through new resistor A5R38, 1000 ohms. 


7-l/(7-2 blank) 
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SECTION VIII 
SERVICE 


8-1. INTRODUCTION. 

8-2. This section contains schematics, component 
location drawings, and troubleshooting information for 
making repairs to the 1615A. The component location 
drawings are placed just ahead of the schematic(s) 
which show most of the parts on the assembly. Table 8-1 
lists the drawings contained in this Section. 


Table 8-1. 1615A Schematics 


Circuitry 

Schematic 

No. 

Assembly A1 


Data Probe Inputs 

4A 

Qualifier Multiplexer 

4B 

Memory Address MIC and MAC 

4C 

Assembly A9 


Probe Thresholds 

4D 

Assembly A2 


Clocks 

7A 

Trigger and Delay 

7B 

Trigger and Clock 

7C 

Assembly A3 


16-bit Memory 

6A 

Glitch Trigger 

6B 

Assembly A4 


Data Acquisition 

5A 

P/O Glitch Detectors 

5B 

P/O Glitch Detectors 

5C 

Assembly A5 


Microprocessor and ROM 

8A 

Trigger Line/Keyboard Pulse/Expand 
Indicator/Display Control/Memory 
Dump 

8B 

Assembly A6 


Video Timing Logic 

10A 

Microprocessor RAM and Alpha¬ 
numeric Generator 

10B 

Timing and Video Logic 

IOC 

Assembly A7 


Power Supply 

A«»Aimkli< AO 
ngocmwij piw 

2 

Mother Board 

1 

Assembly A13 


Display Driver 

3 

Assembly A10 


Keyboard 

9 


8-3. TROUBLESHOOTING WITH STATUS 
CODES. 

8-4. If a malfunction is detected during certain instru¬ 
ment self tests, the 1615 A will halt the test and display a 
status code on screen. The status code indicates machine 
status at the time that the malfunction was detected. 
Proper interpretation of the status code offers a clue to 
the nature of the malfunction. 


8-5. A typical display of a status code is TEST 
FAILED, STATUS = 271. The status code is an octal 
number. It contains the status of seven different 1615A 
functions. Each function is assigned a different binary 
weight. A binary 1 indicates that the associated status is 
true; binary 0 indicates that the status is false. The 
following instrument status statements are included in 
the status code: 



NOT USED - ALWAYS LOW 
NOT USED - ALWAYS HIGH 
8-BIT MEMORY IS VALID 

16-BIT MEMORY IS VALID 
EXTERNAL CLOCK IS RUNNING 
NO 8-BIT TRIGGER 



X 

X 

X 


NO 16-BIT TRIGGER 
8-BIT RUN COMPLETE 
16-BIT RUN COMPLETE 


8-6. The following description shows interpretation of 
the status code for TEST FAILED, STATUS = 271. 



0 

1 

0 

1 

1 

1 

0 

0 

1 


NOT USED - ALWAYS LOW 
NOT USED - ALWAYS HIGH 
(FALSE) 8-BIT MEMORY IS VALID 

(TRUE) 16-BIT MEMORY IS VALID 
(TRUE) EXTERNAL CLOCK IS 
RUNNING 

(TRUE) NO 8-BIT TRIGGER 

(FALSE) NO 16-BIT TRIGGER 
(FALSE) 8-BIT RUN COMPLETE 
(TRUE) 16-BIT RUN COMPLETE 


8-7. Status code 271 indicates the following: 
The 8-bit memory is not valid. 

The 16-bit memory is valid. 

The external clock is running. 

8-bit trigger has not been found. 
16-bit trigger has been found. 

8-bit run has not been completed. 
16-bit run has been completed. 


8-1 
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OF DATA-ACQUISITION HARDWARE. 

8-9. During the self test of the data-acquisition hard¬ 
ware, the microprocessor sets up 21 traces, each with a 
different format and trace specification. For each trace, 
the 1615A makes a run and then the microprocessor 
reads the status code and first line on screen. This infor¬ 
mation is compared with the status code and first line 
that should be obtained in each test. If an error is 
detected in either the status code or first word, the micro¬ 
processor stops the self test immediately and displays 
the status code on screen. The CRT also displays the 
data obtained during the run if the trace was completed. 

8-10. All of the data-acquisition circuitry is checked by 
the data-acquisition hardware self test, except for the 
following; 

a. Data probes. 

b. Clock qualifiers. 

c. Internal clock. 

d. Asynchronous trigger duration. 

e. Glitch detection and triggering. 

f. Time delay. 

g. External trigger. 

8-11. Table 8-2 lists the 21 traces which make up the 
data-acquisition hardware self test. The traces are per¬ 
formed in the order shown in the table. If the 1615A fails 
self test, compare the TRACE SPECIFICATION and 
FORMAT SPECIFICATION contained within the 
1615A with table 8-2 to determine which one of the 21 
traces failed. All preceding traces will have passed, and 
the 1615A will not have checked any of the traces that 
followed. 


NOTE 

The following conditions are true in all of the 
traces: 

QUALIFIERS.XXXXXX 

8-BIT CLOCK .EXTERNAL 

8-BIT TRIGGER DURATION.100 NS 

GLITCH TRIGGER. none 

8-12. In the data-acquisition hardware self test, the 
input counter/latches (A1U31 through A1U34, A4U17, 
and A4U31) are configured as counters. The self-test 
clock from the front panel is supplied to the counter/ 
latches which count from 00 to FF (hex) continuously. 
All six counter/latches are synchronized and all are 
reset at the same time so that they always have the 
same count. 

8-13. If the self test fails, the counter/latches will 
remain in the counter mode until a change is made to 
either the FORMAT SPECIFICATION or the TRACE 
SPECIFICATION. 

8-14. To perform the self test of the data-acquisition 
hardware, proceed as follows: 


~ n _^ A — A, J 

a. ouiuici/t uic input icau iiuiii me uu i^iv puu 

to the SELF TEST CLOCK terminal on the 1615A front 


panel. 

b. Hold the B key down on the keyboard and 
switch LINE power off and on. 

c. Release the B key. 

d. If this self test fails: 


(1). Look at FORMAT SPECIFICATION and 
TRACE SPECIFICATION to determine which trace 
failed. 


(2). Determine why trace failed by looking at the 
normal first line and status listed in table 8-2 and 
comparing with display on 1615A. 


Table 8-2. Self Test of Data-acquisition Hardware 


Trace 

Trace Specification/ 
Format Specification 
Setup 

Normal Test Results 

1 

MODE 24 BIT 

START TRACE 
trigger XXXXXX 
DELAY 000000 

TRACE ALL STATES 

FIRST LINE: 

000 0B0B0B 

STATUS = 363 

2 

MODE 24 BIT 

START TRACE 
trigger XXX$X$ 
DELAY 000000 

TRACE ALL STATES 

The trigger specified 
never occurs. This test 
makes sure there is no 
trigger recognition. Be¬ 
cause the input counter/ 
latches are synchro¬ 
nized, no data is cap¬ 
tured and displayed. 

STATUS = 374 

3 

MODE 24 BIT 

START TRACE 
trigger X$XXX$ 
DELAY 000000 

TRACE ALL STATES 

SAME AS 

TRACE 2 

4 

MODE 24 BIT 

START TRACE 
trigger X$X$XX 
DELAY 000000 

TRACE ALL STATES 

SAME AS 

TRACE 2 

5 

MODE 24 BIT 

START TRACE 
trigger 555555 

DELAY 000000 

TRACE ALL STATES 

FIRST LINE: 

000 555555 

STATUS = 363 

6 

MODE 24 BIT 

START TRACE 
trigger AAAAAA 
DELAY 000000 

TRACE ALL STATES 

FIRST LINE: 

000 AAAAAA 

STATUS = 363 


8-2 
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Table 8-2. Self Test of Data-acquisition Hardware (Coat’d) 


Trace 

Trace Specification/ 
Format Specification 
Setup 

Normal Test Results 

7 

MODE 24 BIT 

START TRACE 
trigger AAAAAA 
DELAY 1048575 
TRACE ALL STATES 

This trace checks that 
the 16/24-bit delay 
counters continue de¬ 
lay for a full 1048575 
clocks. The jiP stops the 
run before 1048575 
clocks to find no trigger 

agggp+grl ayir! HO FUIl 

complete. The 1615A 
should display no data. 
STATUS = 374 

8 

MODE 24 BIT 

START TRACE 
trigger AAAAAA 
DELAY 000255 

TRACE ALL STATES 

FIRST LINE: 

000 A9A9A9 

STATUS = 363 

9 

MODE 24 BIT 

END TRACE 
trigger AAAAAA 
DELAY 000255 

TRACE ALL STATES 

FIRST LINE: 

132 2E2E2E 

STATUS = 363 

10 

MODE 24 BIT 

START TRACE 
trigger X5X5X5 

DELAY 000000 

TRACE TRIGGER 
EVENTS 

FIRST LINE: 

132 555555 

STATUS = 363 

11 

MODE 24 BIT 

START TRACE 
trigger X0X0X0 
DELAY 000005 
TRACE TRIGGER 
EVENTS 

FIRST LINE: 

132 555555 

STATUS = 363 

12 

MODE 8 BIT 

START TRACE 
trigger 54 

DELAY 000000 

FIRST LINE: 

000 55 

13 

MODE 8 BIT 

START TRACE 
trigger AA 

DELAY 000000 

FIRST LINE: 

000 AB 

STATUS = 363 

14 

MODE 8 BIT 

START TRACE 
trigger AA 

DELAY 1048575 

SAME AS TRACE 7, 
EXCEPT FOR 8-BIT 

t-vmT att nATUirmnno 

UEjLiA I OUUi> 1 HilYD. 

15 

MODE 8 BIT 
trigger AA 

DELAY 000255 

FIRST LINE: 

000 AA 

STATUS = 363 


Trace 

Trace Specification/ 
Format Specification 
Setup 

Normal Test Results 

16 

MODE 8 BIT 

FIRST LINE: 


END TRACE 
trigger AA 

DELAY 000255 

000 AB 

17 

MODE 16 & 8 BIT 

FIRST 16-BIT LINE: 


8 TRIGGERS 16 
16-BIT: 

START TRACE 

000 AAAA 


8-BIT: 

FIRST 8-BIT LINE: 


START TRACE 
trigger AA 

000 AA 


DELAY 000255 

STATUS = 363 

18 

MODE 16 & 8 BIT 

FIRST 16-BIT LINE: 


8 ARMS 16 

16-BIT: 

START TRACE 

000 ACAC 


trigger XXXX 

FIRST 8-BIT LINE: 


DELAY 000000 

8 BIT: 

START TRACE 
trigger AA 

000 AB 


DELAY 000000 

STATUS = 363 

19 

MODE 16 & 8 BIT 

FIRST 16-BIT LINE: 


16 ARMS 8 

16-BIT: 

START TRACE 

000 AAAA 


trigger AAAA 

FIRST 8-BIT LINE: 


DELAY 000000 

8 BIT: 

START TRACE 

000 AB 


trigger XX 

DELAY 000000 

STATUS = 363 

20 

MODE 16 & 8 BIT 

FIRST 16-BIT LINE: 


16 TRIGGERS 8 
16-BIT: 

START TRACE 

000 AAAA 


trigger AAAA 

FIRST 8-BIT LINE: 


DELAY 000000 

8 BIT: 

START TRACE 

000 AA 


trigger XX 

out a v Aonnnn 

U £j I VA/UUW 

STATUS = 363 

21 

MODE 16 & 8 BIT 

FIRST 16-BIT LINE: 


8 ARMS 16 

16-BIT: 

START TRACE 

000 5555 


trigger X5X5 

FIRST 8-BIT LINE: 


OCCUR 000011 ) 

8 BIT: 

START TRACE 

000 AB 


trigger AA 

DELAY 000000 

STATUS = 363 
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8-15. TROUBLESHOOTING WITH SIGNA¬ 
TURE ANALYSIS. 

8-16. GENERAL SIGNATURE ANALYSIS. Logic 
circuitry normally executes nonsequential program 
instructions. This places changing data patterns 
throughout the logic circuitry. The signature analysis 
test technique forces the microprocessor to continuously 
execute a limited test routine. This places repetative 
data patterns throughout the logic circuitry. 

8-17. A signature analyzer is used to probe data points 
within the logic circuit. The signature analyzer displays 
a 4-digit alphanumeric code (signature) which 
characterizes the activity measured during the test 
period. This manual lists the signatures taken from a 
properly operating 1615A. If the listed signatures are 
the same as those obtained by your signature analyzer, 
the related logic circuit is operating properly. If other 
signatures are obtained, use normal troubleshooting 
techniques to locate the source of the malfunction. 


8-18. SIGNATURE ANALYSIS TEST SETUPS. There 
are four separate test setups for troubleshooting the 
1615A using signature analysis: DSA Setups A through 
D. Each test setup checks a different activity in the 
digital circuitry. The red letters printed on the 
schematics indicate the DSA setups to use when 
checking signatures on the associated IC pins. If A5U1 
pin 5 has a D printed in red on the schematic, use DSA 
Setup D when checking the signature on that IC pin. 
Each of the four DSA setups are described in the 
following paragraphs. 

8-19. DSA SETUP A. This setup is used to collect 
signatures from each of the eight lines in the data bus 
over that portion of the microprocessor address range 
where ROM 0 through ROM 5 are active. 

8-20. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the 
microprocessor from the data bus. The DSA jumper on 
A5 is placed in the SA position during this test setup to 
apply the MOV A TO A instruction to the microproces¬ 
sor. This causes the microprocessor to continuously 
perform a read and then increment its address. The 
signature analyzer is connected so that it turns on 
when ROM 0 is enabled and turns off when ROM 5 is 
disabled. 

8-21. DSA SETUP B. This setup consists of seven 
separate DSA test setups: (BO through B6). Each 
separate DSA setup is used to collect the signatures on 
the data bus that are supplied by only one of the five 
ROM’s. DSA setup BO takes the signatures from ROM 0, 
BI takes signatures from ROM 1, etc. 

8-22. The equipment setup for each of these tests is the 
same as for DSA Setup A, except that the signature 
analyzer start and stop lines are connected to the chip- 


select pin of the ROM to be analyzed: chip select of ROM 
0 in DSA Setup BO, etc. 

8-23. DSA SETUP C. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
read cycles. 

8-24. The equipment setup for these tests is the same as 
for DSA Setup A, except that the signature analyzer 
start and stop lines are connected to address bit 15 from 
the microprocessor. The signature analyzer starts when 
bit 15 goes high, and then stops when bit 15 goes high 
again. This establishes a measurement window that 
contains the entire microprocessor address range. 


8-25. DSA SETUP D. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
write cycles. 

8-26. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the micro¬ 
processor from the data bus. For this test, the DSA 
jumper on A5 is left in the NM (normal) position. This 
applies the RESTART 7 instruction to the micro¬ 
processor, causing it to perform a write function and 
then decrement its address. The signature analyzer is 
clocked by the microprocessor write-not (WR) line. The 
start and stop lines of the signature analyzer are con¬ 
nected to address bit 15 from the microprocessor. The 
signature analyzer is set to start when bit 15 goes high 
and stop when bit 15 goes high again. This allows the 
signature analyzer to capture a measurement window 
that contains the entire address range. 


8-27. TROUBLESHOOTING AN INCO¬ 
HERENT DISPLAY. 

8-28. If the 1615A has an operating display, but the 
displayed information is random clutter, the cause of 
the 1615A malfunction can be detected by using the 
signature analysis procedures described for schematics 
8A and 8B (the microprocessor assembly). To 
troubleshoot an incoherent display, proceed as follows: 

a. Check the specified VH. 

(1) . If the VH is correct, proceed to step b. 

(2) . If the VH is not correct, check the power 
supplies, microprocessor clocks, and reset line. Make 
sure that the signature analyzer is connected and 
adjusted as specified in the procedure to be run. If all of 
these checks are correct, replace microprocessor A5U11. 
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b. Perform signature analysis procedures as 
described in DSA Setup A. 

(1) . If normal indications are obtained, check 
the buffers that were removed from A5. Then check 
RAM chips A6U15 through A6U17 and the control 
signals according to DSA Setup D. If all of the above are 
normal, check the other display driver IC’s on A6. 

(2) . If abnormal indications are obtained, check 
DSA Setup C for A5U1 as described in step c. 

c. Perform signature analysis procedures on 
A5U1 as described in DSA Setup C. 

(1) . If abnormal indications are obtained, 
replace A5U1 and recheck. 

(2) . If normal indications are obtained, check 
address buffers A5U10 and A5U23, and the address 
pins on microprocessor A5U11. If this does not locate 
the problem, then perform DSA Setup B to check the 
address lines on each ROM on A5. ROM 0 contains the 
self test that detects errors in the other ROM’s. Check 
ROM 0 (DSA Setup BO) first. Before checking ROM 0, 
remove the other ROM’s from A5 to avoid obtaining bad 
signatures due to interaction with an adjacent ROM. 

8-29. TROUBLESHOOTING NO DISPLAY. 

8-30. Use the following procedure to troubleshoot a 
1615A which has no display: 

a. Remove top and left side covers. 

b. Apply power to 1615A and turn on LINE switch. 

c. Check all power supply voltages to A13 (see 
schematic 3 and component locator on back of sche¬ 
matic 2). 

d. Check high voltage circuit on A13. Horizontal 
deflection circuit and video amplifier require voltages 
from high voltage circuit. 

e. Verify horizontal sync (HHSY), vertical sync 
(HVSY), and video (VIDEO) signals from A6 (schemat¬ 
ics 10A through 10C). 

f (-Agf nmwf A 1 OV»cOY*\ro •fllllv 11 ^ - 

1. UlVUUU KC&V u. wwBvi tv ““ 

blanked horizontal and vertical raster (white screen) on 
1615A CRT. If not, check waveform on A13TP4 to verify 
video amplifier operation. 

~ T..™A. 1 QTDlv +/-v J-n tmlfo Pi{ or\loir cKruilrl 

(J umpci rii.U A A KJ IAJ I U fUUO. kj*-H_ ha.lv* l/v 

fully blanked. If not, check A13TP4 to verify video 
amplifier operation. 

h. Check for deflection currents (spikes) at A13TP8 
and A13TP9. A malfunctioning positioning circuit can 
place the display off screen. The deflection circuits can 


be isolated from the positioning circuits by removing 
A13R4 or A13R33; this will produce a slightly offset 
display. 

i. If A13U6, A13Q1, or A13Q9 fail, check A13C2, 
A13C7, and A13C27. An open circuit or decrease in ca¬ 
pacitance may permit a destructive increase in peak 
voltage across A13U6 or A13Q9. 

j. Correction magnets on deflection coils are per¬ 
manently attached and are not adjustable. Inspect them 
for damage if display distortion is observed. 

8-31. SHOCK HAZARD MODIFICATION. 

8-32. Instruments with serial numbers 1825A00626 
and below may have a shock hazard on the line voltage 
terminals of the rear-panel power socket when the 
power cord is disconnected. A bleeder resistor installed 
across these terminals will eliminate the shock hazard. 
Remove the two screws holding the power socket to the 
rear panel and pull out the socket as far as possible. 
Solder a 4.7-megohm resistor (1/2-watt, carbon 
composition, HP Part No. 0687-4751) across the line 
voltage terminals. Then reinstall the socket. 

8-33. ASSEMBLY A8 INTERCONNECTIONS. 
(See figure 8-1.) 

8-34. Figure 8-1 shows signal paths on Mother Board 
A8 which interconnect assemblies A1 through A6. The 
PINS column lists each pin on connectors XA1 through 
XA6. The signal mnemonic is shown on each active 
trace. These mnemonics are the same as the mnemonics 
used on the schematics. The board assembly which is 
the source of each signal is identified hy the letter S. The 
designation NC identifies pins which are not connected 
to the installed board assembly. Unless otherwise speci¬ 
fied, all signals are TTL levels. 

8-35. The following paragraph is an example showing 
the use of figure 8-1. Pin 7 of assemblies A1 and A2 are 
interconnected. The signal comes from Al, is the posi¬ 
tive external trigger, and is an ECL signal. Pin 7 of 
assemblies A3 and A4 are connected together. A4 sup¬ 
plies the signal. It is sampled data bit 1 in the 8-bit 
instrument, a TTL signal. 

8-36. MNEMONICS. (Refer to table 8-3.) 

8-37. Signals in the 1615A have been assigned mne¬ 
monics that describe their active state and function. The 
first letter of each mnemonic indicates the active state of 
the signal. The remaining letters indicate signal func¬ 
tion. When H is the first letter, it indicates that the 
function is active in the high state; L indicates that the 
function is active in the low state. For edge-controlled 
devices, P indicates that the function is active on the 
positive-going transition; N indicates that the function 
is active on the negative-going transition. Definitions of 
the mnemonics along with the numbers of the schemat¬ 
ics where each signal originates are listed in alphanu¬ 
meric order in table 8-3. 


8-5 




Service 


Model 1615 A 



Figure 8-1. Mother Board Assembly A8 Interconnections 
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Figure 8-1. Mother Board Assembly A8 Interconnections (Cont’d) 
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Figure 8-1. Mother Board Assembly A8 Interconnections (Coni’dj 
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ASSEMBLIES ON MOTHER BOARD A8 


A1 

A2 A3 A4 A5 

A6 


r\ u-isrT 

i i i ww i 


S HGTRG O 


NC 


NC16/24BTOUTS 


NC HLDTG S 


S H8CTG O 



S H8PAT NC 


-ADJ-1 l-— 

VTHO PODS 2/3 O 


GND O 


NC S 


NC S 


O GND O 


NC O 


O GND O 


S N20MHZNC 


O NC 


O GND O 


S P8CCLK O 


S L8MWRTO 


O O 


O H8RCP S 


NC H8ATGT S 


S HRST O 



NC NMDCLKS 


—12V O 


+12V NC 


NC 


SIC NC 


SIC NC 


SJC NC 


O NC 


O NC 


S NC 


O NC 


NC NC 


S HAB13 O 


S HAB12 NC 


S HAB11 NC 


S HAB10 NC 


S HAB9 O 


S HAB8 O 


S HAB7 O 


NC 

O HAB6 

NC 

t 1 /s 

INV^ 

r'* 

O 

r\ 

v-/ 

NC HAB5 

NC 

o 

NC 

s 

o 


Figure 8-1. Mother Board Assembly A8 Interconnections (Cont’d) 
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ASSEMBLIES ON MOTHER BOARD A8 


PINS 

A1 

A2 

A3 

A4 

A5 


A6 

81 

O HR14 

O 

o 

NC 

s 


NC 

82 

O HAB4 

NC 

NC 

NC 

s 


O 

83 

NC 

O HAB3 

NC 

NC 

s 


o 

84 

NC HAB2 

NC 

o 

NC 

s 


O 

85 

O habi 

O 

o 

NC 

s 


O 

86 

NC 

NC 

NC 

NC 

NC 


NC 

87 

O HDB7 

O 

o 

NC 

o 


o 

88 

O HABO 

NC 

o 

NC 

s 


O 

89 

O HDB5 

O 

o 

NC 

o 


O 

90 

O HDB6 

O 

o 

NC 

O 


o 

91 

O HDB3 

o 

o 

NC 

O 


o 

92 

O HDB4 

o 

o 

NC 

O 


o 

93 

O hdbi 

o 

o 

NC 

O 


o 

94 

O HDB2 

o 

o 

NC 

O 


o 

95 

NC 1 S 1 

16/24BTGOUT 

NC 

NC 

NC 

VIDEO 

RET 

o 

96 

O hdbo 

o 

o 

O 

O 


o 

97 

O gnd 

o 

o 

O 

o 


o 

98 

O gnd 

o 

o 

O 

O 


o 

99 

O +5V 

o 

o 

o 

O 


o 

100 

O +5V 

o 

o 

o 

O 


o 


Figure 8-1, Mother Board Assembly A8 Interconnections (Cont'd) 
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Table 8-3. 1615A Mnemonics 


Mnemonic 

Description 

Signal 

Number 

Origin 

H16AR8 

High 16-bit Arms 8-bit. 

Signal is true when using 16-bit arms 8-bit mode 
of triggering. 

NA 

Schematic 6B, 
A3U22 pin 6 

H16DLY0 

High 16-bit Delay = 0. 

Signal is true when 16-bit or 24-bit delay is 0. 

NA 

Schematic 7B, 
A2U22 pin 4 

H16QLY 

High 16-bit Clock Qualified. 

Signal is true when the qualification is met for the 
16-bit menu selection. ORed with 8-bit qualifier dur¬ 
ing 24-bit mode of operation. 

© 

Schematic 4B, 

A1P4 pin 16 

H16RCP 

High 16-bit Run Complete. 

Signal is true when 16-bit memory is full in modes 
where selected trigger starts data acquisition. 

© 

Schematic 4C, 

A1P4 pin 23 

H16START 

High 16-bit Start Trigger. 

Signal is true when trigger delay starts data acqui¬ 
sition in 16-bit and 24-bit synchronous modes. 

© 

Schematic 7 C, 

A2P1 pin 27 

H16STE 

High 16-bit Store Trigger Events. 

During trace events mode in 16-bit machine, signal 
true only when trigger is recognized. In all other 
modes, signal is always true. 

1 

Schematic 7B, 

A2P1 pin 63 

H16TDLY 

High 16-bit Trigger Delay. 

Signal is true after the end of the trigger plus 
selected delay period in 16-bit or 24-bit synchro¬ 
nous modes. 


Schematic 7B, 

A2P1 pin 49 

H16TFP 

High 16-bit Trigger Flip-Flop. 

Signal is true after 16-bit or 24-bit trigger is recognized. 

© 

Schematic 7B, 

A2P1 pin 48 

H16TR8 

High 16-bit Triggers 8-bit. 

Signal is true when using the 16-bit triggers 8-bit 
mode, or 24-bit mode. 

NA 

Schematic 6B, 
A3U22 pin 3 

H16TRGL 

(ECL) 

High 16-bit Trigger Load, ECL. 

Enables 16-bit trigger memory to accept new data 
when true. Differential signal with L16TRGIXECL). 

© 

Schematic 7A, 

A2P1 pin 13 

H16VME 

High 16-bit Valid Memory. 

Signal prevents trigger recognition until a full data 
memory is captured in end-trigger modes. True after 
255 data words are captured. 


Schematic 4C, 

A1P4 pin 26 

H8ARM16 

High 8-bit Arms 16-bit. 

Signal is true when using 8-bit arms 16-bit mode 
of operation. 

NA 

Schematic 7B, 
U2U22 pin 6 

H8ATG 

(ECL) 

High 8-bit Asynchronous Trigger, ECL. 

Signal true when asynchronous trigger specifica¬ 
tion is met. Differential with L8ATG(ECL). 

© 

Schematic 5A, 

A4P1 pin 38 

H8ATGT 

High 8-bit Asynchronous Trigger, TTL. 

Signal from 8-bit trigger circuitry. 


Schematic 7C, 

A2P1 pin 75 
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Table 8-3. 161.5A Mnemonics (Cont’d) 


Mnemonic 

Description 

Signal 

Number 

Origin 

H8DLEXCK 

High 8-bit Delay by External Clock. 

Signal is true when 8-bit machine is selected to 
delay by a number of external clocks, and false 
when 8-bit machine is using time delay. 

® 

Schematic 7C, 
A2U25 pin 6 

H8DLY0 

High 8-bit Delay = 0. 

Signal is true when 8-bit delay is 0. 

NA 

Schematic 6B, 
A3U22 pin 4 

H8ECLK 

High 8-bit External Clock. 

Signal is true when operating the 8-bit machine 
from an external clock. 

® 

Schematic 7A, 
A2P1 pin 51 

H8QLY 

High 8-bit Clock Qualified. 

Signal is true when the qualification is met for the 
8-bit menu selection. ORed with 16-bit qualifier dur¬ 
ing 24-bit mode of operation. 

© 

Schematic 4B, 
A1P4 pin 17 

H8RCP 

High 8-bit Run Complete. 

Signal is true when 8-bit memory is full in modes 
where selected trigger starts data acquisition. 

© 

Schematic 6A, 
A3P1 pin 74 

H8SD0 - 
H8SD7 

High 8-bit Sampled Data. 

Eight-bit bus of sampled information to the 8-bit 
data memory. 


Schematic 5A, 
A4P1 pins 7-14 

H8SD0*— 

H8SD7* 

High 8-bit memory of Sampled Data. 

Eight lines carrying sampled data from 8-bit memory. 

© 

Schematic 6A, 
A3P2 pins 11-18 

H8SG0- 

H8SG7 

High 8-bit Sampled Glitch. 

Eight-bit bus of glitch information to the 8-bit glitch 
memory. 

® 

Schematic 5B, 
A4P1 pins 17-24 

H8SG0*— 

H8SG7* 

High 8-bit memory of Sampled Glitch. 

Eight lines carrying glitch information from 8-bit 
memory. 

© 

Schematic 6A, 
A3P2 pins 3-10 

H8START 

High 8-bit Start Trigger. 

Signal is true when trigger delay starts data acqui¬ 
sition in 8-bit machine. 

© 

Schematic 7C, 

A2P1 pin 56 

H8STE 

High 8-bit Store Trigger Events. 

During trace events mode in 8-bit machine, signal 
true only when trigger is recognized. In all other 
modes, signal is always true. 

© 

Schematic 7B, 

A2P1 pin 64 

H8TDY 

High 8-bit Trigger Delay. 

Signal is true after the selected trigger plus delay 
specification is met in the 8-bit machine. 


Schematic 6B, 

A3P1 pin 54 

H8TFP 

High 8-bit Trigger Flip-Flop. 

Signal is true after 8-bit trigger is recognized. 


Schematic 6B, 

A2P1 pin 53 

H8TRG16 

High 8-bit Triggers 16-bit. 

Signal is true when using 8-bit triggers 16-bit mode. 

NA 

Schematic 7B, 
A2U22 pin 3 
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Table 8-3. 1615A Mnemonics (Cont’d) 


Mnemonic 

Description 

Signal 

Number 

origin 

H8VME 

High 8-bit Valid Memory. 

Signal prevents trigger recognition until a full 
memory is captured in end-trigger modes. True after 

255 data words are captured. 

@ 

Schematic 6A, 

A3P1 pin 52 

HABO - 
HAB13 

High Address Bus from microprocessor. 

Address lines from 8080A microprocessor on A5 
board. 

© 

Schematic 8A, 

A5P1 pins 72-80, 

nr no 

ez-oo, oo 

HDOECL 

High Data bit 0, ECL. 

Carries data for loading first 8 bits of 16-bit trigger 
memory. 

® 

Schematic 4A, 

A4P1 pin 39 

HDBO — 

HDB7 

High Data Bus from microprocessor. 

Data to and from 8080A microprocessor A5U11. 

@ 

Schematic 8A, 

A5P1 pins 87, 
89-94, 96 

HDLOC 

High Delay by Trigger Occurrences. 

Signal is true when using delay by trigger occur¬ 
rence mode. 

NA 

Schematic 7B, 
A2U22 pin 5 

HDSPO 

High Begin Display at Word 0. 

Signal is true when in timing diagram mode and 
data word 0 is to be displayed. 

NA 

Schematic 8B, 
A5U36 pin 19 

HEXC 

High Extra Cursor — not used. 

Always low. 

NA 

Schematic 10C, 
A5P1 pin 47 

HEXPI 

High Expand Indicator. 

Signal is high during display of the brightened 
(expandable area) segment of a timing diagram. 

© 

Schematic 8B, 

A5P1 pin 36 

HEXTR 

High External Trigger. 

Signal is true when using external trigger for 8-bit 
machine. 

V 

Schematic 7A, 
A2U3 pin 5 

HGLITCHRESET 

(ECL) 

High Glitch Reset, ECL. 

Not used in 1615A. 

NA 

Schematic 7A, 

A2P1 pin 31 

HGTRGENA 

High Glitch Trigger Enable. 

True during glitch trigger modes. Extends duration 
of asynchronous trigger to ensure proper glitch de¬ 
tection. 

® 

Schematic 6B, 

A3P1 pin 63 

HHB2 

High Horizontal Blanking 2. 

Signal is true during horizontal retrace. 

\iy 

0~1_IDA 

OUi.ieiii.auiv iun, 

A6P1 pin 17 

HHSY 

High Horizontal Sync. 

20 kHz sync signal used to sync horizontal amplifier 
ana iow voitage power supply, rosiuve eu&e BuEilS 
horizontal retrace. 

© 

Schematic 10A, 
A6P1 pin 56 

HKDN 

High Key Down. 

Signal is true when /iP recognizes that a key is 
pressed. 


Schematic 8B, 
A5U35 pin 8 
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Table 8-3. 1615A Mnemonics (Cont’d) 


Mnemonic 

Description 

Signal 

Number 

Origin 

HLDTG 

High Load Trigger. 

Signal is true when loading trigger memories prior 
to a run. 

@ 

Schematic 7A, 
A2P1 pin 66 

HM1 

High Magnify No. 1. 

Always low. Part of preloaded count for expanded 
segment of timing diagram. 

NA 

Schematic 8B, 

A4P1 pin 58 

HM2 

High Magnify No. 2. 

Always low. Part of preloaded count for expanded 
segment of timing diagram. 

NA 

Schematic 8B, 

A4P1 pin 54 

HPOS EDGE 

EXT TRG 

High Positive Edge External Trigger. 

Signal is true when positive edge of external trigger 
is selected to turn on the 8-bit machine. Signal is false 
when negative edge selected. 

NA 

Schematic 7C, 
A2U25 pin 19 

HR14 

High Read 14. 

True when microprocessor commands a read other 
than ROM or RAM. Used in reads of 16-bit memory, 
8-bit memory, or instrument status from assem¬ 
bly A2. 

® 

Schematic 8A, 

A5P1 pin 81 

HRAMW 

High RAM Write. 

Timing signal used when writing to display RAM. 
ANDed with HWR and LRAMA. 


Schematic 8A, 

A5P1 pin 32 

HREAD 

High Read. 

This signal is true when microprocessor is reading. 

® 

Schematic 8A, 

A5P1 pin 30 

HRST 

High Reset 900 nsec. 

Pulse initializes the glitch detectors, and the 16-bit 
and 8-bit trigger and delay circuitry. The negative 
transition starts the run. 

@ 

Schematic 7C, 

A2P1 pin 76 

HSTATE 

High State display. 

Not used. 

NA 

Schematic 8B, 

A5P1 pin 51 

HSTD 

High Start Timing Diagram. 

Signal is true when 1615A is displaying timing dia¬ 
gram information. 


Schematic 8B, 

A5P1 pin 44 

HTIME 

High display Timing diagram. 

Signal is true when display of timing-diagram infor¬ 
mation is selected. 


Schematic 8B, 

A5P1 pin 21 

HTLIN 

High Trigger Line. 

Signal is high only when displaying the location^of 
the trigger word in timing diagram. 

@ 

Schematic 8B, 

A5P1 pin 35 

HTRACE 

High Trace. 

Signal is true during a data acquisition cycle. Used 
by /uP to stop run when STOP key is pressed or after 
run is complete. 

V 

Schematic 7C, 
A2U25 pin 15 
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Table 8-3. 1615A Mnemonics (Cont’d) 


Mnemonic 

Description 

Signal 

Number 

Origin 

HTRACEE 

High Trace Events. 

Signal is true when using the trace trigger events 
capability of the 24-bit state mode. 


Schematic 7C, 
A2U25 pin 5 

HUPC 

High microprocessor Cycle. 


Schematic 8A, 
A5P1 pin 41 

HVSY 

High Vertical Sync. 

Signal used to sync vertical amplifier in display 
driver. Positive transition initiates vertical retrace. 

H 

Schematic IOC, 
A6P1 pin 48 

HW15 

High Write 15. 

Signal is true when microprocessor A5U11 is out- 
putting information on data bus to locations other 
than ROM or RAM. 

© 

Schematic 8 A, 
A5P1 pin 60 

HWR 

High Write. 

Signal is true when microprocessor is writing. 

® 

Schematic 8 A, 
A5P1 pin 31 

HX1 

High magnify display Xl. 

Signal is true during unexpanded displays of tim¬ 
ing diagrams. Low when expanding by X10. 


Schematic 8B, 
A5P1 pin 39 

HX10 

High Magnify Display X10. 

Signal is true during expanded displays of timing 
diagrams and false during unexpanded displays. 


Schematic 8B, 
A5P1 pin 49 

KSTB 

Keyboard Strobe. 

Current pulse that strobes selected column of keys on 
keyboard. 

® 

Schematic 8B, 
A5Q2 Col. 

L16/24STG 

(ECL) 

Low 16/24-bit Synchronous Trigger, ECL. 

True when selected synchronous trigger is recog¬ 
nized. 

© 

Schematic 4A/5A, 
A1P4/A4P1 
pin 43 

L16AT8 

Low 16-bit Arms or Triggers 8-bit. 

Signal is true when either 16ARMS8 or 16TRG8 
mode of triggering is selected. 


Schematic 6B, 
A3P1 pin 50 

L16MWRT 

Low 16-bit Memory Write. 

Signal is true when data-acquisition circuitry is 
writing data into 16-bit memory. 


Schematic 7 A, 
A2P1 pin 20 

L16TRC 

Low 16-bit Trace Point. 

Signal is true after trigger plus delay specification is 
met in 16-bit machine. 


Schematic 7B, 
A2P1 pin 47 

L16TRGL 

(ECL) 

Low 16-bit Trigger Load, ECL. 

Enables the 16-bit trigger memory to accept new data 
when true. Differential signal with H16TRGL(ECL). 


Schematic 7 A, 
A2P1 pin 14 

L24BST 

Low 24-Bit State. 

Signal is true when 24-bit mode of data acquisition 
is selected. Configures 1615A for 24-bit synchronous 
operation. 

© 

Schematic 5 A. 
A4P1 pin 46 

L8ATG 

(ECL) 

Low 8-bit Asynchronous Trigger, ECL. 

Signal true when asynchronous trigger specifica¬ 
tion is met. Differential with H8ATG(ECL). 


Schematic 5A, 
A4P1 pin 37 
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Mnemonic 

Description 

Signal 

Number 

Origin 

L8MWRT 

Low 8-bit Memory Write. 

Signal is true when data-acquisition circuitry is 
writing data into 8-bit memory. 

© 

Schematic 7A, 
A2P1 pin 72 

L8TRC 

Low 8-bit Trace Point. 

Signal is true after trigger plus delay specification is 
met in 8-bit machine. 

1 

Schematic 7C, 
A2P1 pin 55 

L8TRGL 

(ECL) 

Low 8-bit Trigger Load, ECL. 

Enables both 8-bit trigger memories to accept new 
data when true. 

1 

Schematic 7A, 
A2P1 pin 36 

LALPH 

Low Alphanumeric display. 

Signal is true during displays of alphanumeric char¬ 
acters on 1615A CRT. 

(72) 

Schematic 10A, 
A6P1 pin 28 

LALPH 2 

Low Alphanumeric display 2. 

Signal is true during display of alphanumeric char¬ 
acters on 1615A CRT. 

® 

Schematic 10A, 
A6P1 pin 55 

LDACQ 

(ECL) 

Also TTL 
on 5A 

Low Data Acquisition, ECL. 

Parallel-enables all input data latches. True during 
data-acquisition modes. False during trigger memo¬ 
ry load plus self-test. 

® 

Schematic 5A, 
A4P1 pin 41 

LTD 

Low Dual Threshold. 

Not used in 1615A. Normally high. 

NA 

Schematic 8B, 
A4P1 pin 50 

LGL 

Low Glitch. 

Signal is true when display of glitches is selected for 
timing diagrams, and high when glitch display is 
turned off. 

® 

Schematic 8B, 

A5P1 pin 52 

LGLITCHRESET 

(ECL) 

Low Glitch Reset, ECL. 

Positive edge resets glitch detection flip-flop at the 
start of each clock cycle. 

© 

Schematic 7 A, 
A2P1 pin 32 

LGLITCHSET 

(ECL) 

Low Glitch Set, ECL. 

Preloads glitch detectors according to the logic levels 
at the start of each clock cycle. 


Schematic 7 A, 
A2P1 pin 30 

LGLS 

Low Glitch Set. 

Signal is true every tenth clock during expanded dis¬ 
plays. It prevents multiple displays of a single glitch 
during expanded displays. 

© 

Schematic 8B, 
A5P1 pin 20 

LHB2 

Low Horizontal Blanking 2. 

Signal is true to blank display during horizontal 
retrace period. 

@ 

Schematic 10A, 
A6P1 pin 18 

LHB3 

Low Horizontal Blanking 3. 

Signal is true during horizontal blanking to extend 
display blanking until arrival of next display clock. 

© 

Schematic 10A, 
A6P1 pin 19 

LKR 

Low Key Reset. 

Signal is true when pP is not reading keyboard. When 
true, this resets keyboard latches. 

© 

Schematic 8B 
A5U35 pin 3 
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Table 8-3. 1615A Mnemonics (Cont’d) 


Mnemonic 

Description 

Signal 

Number 

Origin 

LMACLD 

Low Memory Address Counter Load. 

Parallel-enables MAC in 8-bit memory. 

© 

Schematic 7B, 

A5P1 pin 27 

LMRST 

Low Master Reset. 

True before a data-acquisition run to reset memory 
index and address counters and input latches in 8-bit 
and 16-bit machines. 

@ 

Schematic 7C, 

A2P1 pin 42 

LPCKS 

Low Positive Clock Slope. 

True when positive edge of external clock is selected 
to obtain data. False when negative edge is selected. 

V 

Schematic 7C, 
A2U25 pin 16 

LRAMA 

Low RAM Address. 

Signal is true when microprocessor is addressing 
locations in the display RAM. 

© 

Schematic 8A, 
A5P1 pin 29 

LRST 

Low Reset. 

900-ns true pulse that resets 16-bit trigger circuitry 
prior to a data-acquisition run. Positive transition 
starts the run. 

NA 

Schematic 7C, 

U50 pin 3 

N16SCLK 

Negative-edge 16-bit Sample Clock. 

Not used in 1615A. 

NA 

Schematic 7A, 

A2P1 pin 11 

N20MHZ 

Negative-edge 20-MHz clock. 

Clock source for microprocessor board. Available 
whenever 1615A has operating power applied. 

® 

Schematic 7A, 

A2P1 pin 68 

N8SCLK 

Negative-edge 8-bit Sample Clock. 

Not used in 1615A. 

NA 

Schematic 7A, 

A2P1 pin 33 

NCHCLK 

Negative-edge Character Clock. 

Clock for character counters used during alpha¬ 
numeric displays. 

© 

Schematic 8A, 

A5P1 pin 14 

NDCLK 

Negative-edge Display Clock. 

Clocks for the character generator during alpha¬ 
numeric displays and the graticule generator during 
timing diagram displays. 

© 

Schematic 8A, 

A5P1 pin 8 

NECLK 

(ECL) 

Negative-edge External Clock, ECL. 

External clock signal from clock probe for use in 
some data-acquisition modes. Differential of 

PECLK. 

© 

Schematic 4B, 

A1P4 pin 9 

NETRG 

(ECL) 

Negative-edge External Trigger, ECL. 

Negative edge of signal used to trigger data acquisi¬ 
tion in 8-bit circuitry in external trigger modes. Sup¬ 
plied from clock probe. Differential of PETRG. 

@ 

Schematic 4B, 

A1P4 pin 8 

NMDCLK 

Negative-edge Memory Dump Clock. 

Signal available only when dumping 8-bit memory 
to generate timing diagrams. 

© 

Schematic 8B, 

A5P1 pin 69 
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Mnemonic 

Description 

Signal 

Number 

Origin 

P16CCLK 

Positive-edge 16-bit Counter Clock. 

Clock that increments index and address counters in 
the 16-bit memory. 

® 

Schematic 7 A, 

A2P1 pin 21 

P16SCLK 

(ECL) 

Positive-edge 16-bit Sample Clock, ECL. 

Signal clocks 16-bit input latches during data acqui¬ 
sition. Also derived from /uP when loading trigger 
memories. 

© 

Schematic 7A, 

A2P1 pin 12 

P8CCLK 

Positive-edge 8-bit Counter Clock. 

Clock that increments index and address counters in 
the 8-bit memory. 

@ 

Schematic 7A, 

A2P1 pin 71 

P8SCLK 

(ECL) 

Positive-edge 8-bit Sample Clock, ECL. 

Clock for 8-bit machine that controls operation within 
glitch detector circuits. 

® 

Schematic 7A, 

A4P1 pin 34 

P8TCLK 

Positive-edge 8-bit Trigger Clock. 

Clock for trigger plus delay counter in 8-bit machine. 


Schematic 7A, 

A2P1 pin 58 

PCLK1 

Phase 1 Clock. 

Signal that clocks character lines in alphanumeric 
displays. 


Schematic 8A, 

A5P1 pin 24 

PCLK6 

Phase 6 Clock. 

Signal that clocks the alphanumeric/time selector in 
the display assembly A6. 

© 

Schematic 8A, 
A5P1 pin 11 

PDCLK 

Positive-edge Display Clock. 

Clock for retrace counter, dot counter, line counter, 
and the alphanumeric/time display selector. 

■ 

Schematic 8A, 
A5P1 pin 7 

PECLK 

(ECL) 

Positive-edge External Clock, ECL. 

External clock signal from clock probe for use in 
some data-acquisition modes. Differential of NECLK. 

© 

Schematic 4B, 
A1P4 pin 10 

PETRG 

(ECL) 

Positive-edge External Trigger, ECL. 

Positive edge of signal used to trigger data-acqui- 
sition in 8-bit circuitry in external trigger modes. 
Supplied from clock probe. Differential of NETRG. 

@ 

Schematic 4B, 
A1P4 pin 7 

VIDEO 

Video. 

Z-axis unblanking signal to display driver. Least 
positive voltage turns on CRT. 


Schematic 10C, 
A6P1 pin 45 
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8-38. DISCUSSION OF 1615A BASIC BLOCK 
DIAGRAM. (See figure 8-2.) 

8-39. The 1615A is a microprocessor-controlled, ROM- 
based instrument consisting of a control section, display 
section, and a data-acquisition section. All sections 
share a common data bus, address bus, and control 
lines. 

8-40. CONTROL SECTION. The control section of the 
1615A consists of the keyboard, microprocessor, RAM, 
and ROM. Operator entries into the 1615A are made via 
the keyboard. The microprocessor controls all I/O, 

r» A n j r J n Ak x —— J n n o lirnll no a 
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bus and data bus usage. The 1615A capabilities, 
operating sequences, and self tests are all contained in 
ROM. 

8-41. DATA ACQUISITION. The data-acquisition 
function of the 1615A consists of a 16-bit data- 
acquisition function and an 8-bit data-acquisition 
function. Each function has its own probes and I/O 
control. The 16-bit data-acquisition function gathers 
synchronous state data on up to 16 probe input lines. 
The 8-bit data-acquisition function has all of the 


capabilities of the 16-bit data acquisition function, 
except that it obtains information on 8 input lines. The 8- 
bit data-acquisition function also has the capability of 

_"— ~ n/i+iTrifiT nr» ifc ft nrnVto linnc 
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and of detecting glitches occurring on any of those same 
8 lines. 

NOTE 

The 24-bit mode is obtained by operating 
both the 16-bit and 8-bit machines together. 
Triggering is done in the 16-bit triggers 8-bit 
mode. 

3-42. ni.SPLAY SECTION. The display section consists 
of RAM, I/O, alphanumeric display logic, timing 
diagram display logic, and the CRT. The RAM is loaded 
with the information obtained by the data-acquisition 
circuitry. The alphanumeric display logic reads 15 lines 
of RAM and formats the information into the electrical 
activity required for each alphanumeric character. The 
timing diagram display logic reads the entire RAM and 
presents a trace of electrical activity with respect to 
time. The electrical activity from one of the two display 
sections is converted to analog drive signals and 
supplied to the three axes of the CRT. 



Figure 8-2. Model 1615A Basic Block Diagram 
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8-43. CONTROL SECTION BLOCK DIA¬ 
GRAM. (See figure 8-3.) 

8-44. The microprocessor controls all read/write and 
I/O activity on the address bus and data bus. The power 
on reset block holds the microprocessor in the reset state 
until its circuits can all be initialized after 1615A power 


up. The 20-MHz oscillator and divider supplies the 
proper clocks for microprocessor operation. 

8-45. The program ROM’s contain all of the 1615A test 
and operating routines. The RAM’s provide active 
memory for the microprocessor and display functions. 
The keyboard provides operator interface to the 16I5A 
instrument.. 



Figure 8-3. 1615A Control Section Block Diagram 
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8-46. 16-BIT DATA-ACQUISITIQN SECTION 
BLOCK DIAGRAM DISCUSSION. (See figure 
8-4.) 

8-47. The 16-bit data-acquisition function collects state 
data that is synchronized with a clock. The state inputs 
are obtained through probe pods 2 and 3 and supplied to 
input latches. The clock is obtained by the clock probe 
and supplied to the clock slope selector. This block 
generates a pulse each time that it recognizes the 
occurrence of the selected edge on the clock line. The 
pulse latches the states of the lines from probe pods 2 
and 3, and is also supplied to the 16-bit strobe generator 
and the clock qualifier latch. If all of the qualifier 
conditions are satisfied, H16QLY is delivered to the 16- 
bit clock multiplexer. At the same time, the 16-bit strobe 
generator delivers its strobe to the 16-bit clock multi¬ 
plexer. If the qualifier conditions are satisfied, the strobe 
will be generated from the 16-bit clock multiplexer. If 
qualifier conditions are not satisfied, no strobe will be 
generated. 

848. When the states on the 16 lines of the data probes 
are latched, they are supplied to both the 16-bit high¬ 
speed memory and to the trigger memory. If the states 
match the trigger conditions within the trigger memory, 
L16/24STG will be generated. This signal is supplied to 
the store trigger events circuit and to the trigger and 
delay block. These two blocks modify the trigger 
according to the mode of operation selected. In store 


trigger events mode, the store trigger events circuit only 
allows the states from the 16-bit counter/latches to be 
recorded in the high speed memory if they are a valid 
trigger word. In other modes of mixed triggering and 
delay, L16/24STG is supplied to the trace point latch 
only when all requirements of trigger interaction and 
delay are satisfied. 

8-49. The trace point latch generates L16TKC when all 
trigger and delay requirements are met. When L16TRC 
is generated, the 16-bit memory index counter and the 
clock multiplexer are enabled. The clock multiplexer 
begins passing clocks from the strobe generator, and the 
memory index counter begins counting the clocks. These 
clocks also advance the memory address counter which 
sequentially addresses locations in the 16-bit high speed 
memory. When the memory index counter completes its 
count (a count equal to the number of memory locations 
available), the memory index counter triggers the run- 
complete condition which stops the clocks through the 
clock multiplexer. At this same time, the memory index 
counter supplies the address of the first word in memory 
to the read multiplexer. 

8-50. The read multiplexer allows the microprocessor 
to address locations in memory and obtain memory 
contents for presenting a display on the CRT. The status 
buffer provides seven bits of status information to the 
data bus during and after completion run for data 
acquisition. 
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BLOCK DIAGRAM DISCUSSION. (See figure 
8-5.) 


8-52. The eight lines from pod 1 are supplied directly to 
the 8-bit counter/latch, the asynchronous trigger 
memory, and to the glitch detector. The 8-bit counter/ 
latch operates the same as the counter/latch in the 
16-bit circuitry, and is used only when the 8-bit and 
16-bit machines are combined to capture 24-bit synchro¬ 
nous data. The asynchronous trigger memory generates 
its recognition state whenever it recognizes its trigger 
word on the eight lines from pod 1. The asynchronous 
trigger duration selector measures the time period of the 
recognition state from the asynchronous trigger 
memory. If the recognition state lasts for the entire time 
duration that the operator specified in the menu, the 
asynchronous trigger duration selector releases trigger 
recognition to the 1615A. 

8-53. The glitch detector also receives the eight data 
lines from pod 1. If a glitch is detected on any line, a true 
state is supplied to the glitch memory and to the glitch 
trigger selector. If detection of a glitch was required as 
part of the trigger specification, then the gltich trigger 
selector supplies an enable at its output. If no glitch was 
specified as part of the trigger, then the glitch trigger 
selector always supplies the enable output. 

8-54. The 8-bit trigger and delay circuits issue a trigger 
pulse according to the mode of trigger interaction 
selected in the 8-bit menu. H8VME is an enable level 


that is always present, except during modes where the 
trigger recognition ends the trace. In those modes, 
H8VME is only present after the 8-bit memory has 
accepted at least 256 valid inputs after the start of the 
run. 


8-55. The 8-bit trace point latch enables the memory 
index counter to count qualified clocks so that the proper 
number of input bytes can be acquired into memory. 
When the memory index counter has counted the 
required number of input bytes (256 bytes in modes 
where the trigger starts the trace), it signals the 8-bit run 
complete latch which issues H8RCP to stop the run. 

8-56. The clock for acquiring data into the 8-bit 
machine comes either from the external clock input 
(when the 8-bit machine is combined with the 16-bit 
machine) or from an internal clock generator. The 
internal clock generator provides several different clock 
rates to the 8-bit data-acquisition circuitry. The clock is 
delivered to the 8-bit clock multiplexer. When all 
qualification conditions are satisfied, the clock is 
coupled through the multiplexer to the 8-bit memory 
address counter, memory index counter, and to both the 
data and glitch memories. The memory address counter 
addresses sequential locations in memory for both the 
state and glitch information to be captured. The output 
from the 8-bit clock multiplexer also strobes the 
information into the memories. 

8-57. The read multiplexer and status buffer provide 
the same operation for the 8-bit machine as is described 
for the 16-bit machine. 
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Figure 8-5. 8-bit Data-acquisition Block Diagram 
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8-58. DISPLAY SECTION BLOCK DIAGRAM 
DISCUSSION. (See figure 8-6.) 

8-59. The display section consists of the alphanumeric 
character generator, the timing diagram generator, the 
display driver, and the alphanumeric/ timing switch. 
The alphanumeric character generator reads portions of 
memory and presents the alpha and numeric characters 
on screen. The timing diagram generator reads the 
entire 8-bit memory and presents traces on screen that 
represent logical activity throughout the entire trace. 
The display driver accepts the formatted logic from the 
alphanumeric character generator and the timing 
diagram generator and drives the 1615A CRT. 

8-60. ALPHANUMERIC/TIME SWITCH. 

8-61. This block is controlled by menu selection and 
either activates the timing diagram generator or the 
alphanumeric character generator, depending upon the 
operating mode and position of the display on the CRT. 
The alphanumeric character generator is always active 
when presenting the heading on the CRT, regardless of 
whether the body of the display will be presented by the 
timing diagram generator or the alphanumeric charac¬ 
ter generator. 

8-62. ALPHANUMERIC CHARACTER GEN¬ 
ERATOR. 

8-63. The alphanumeric character generator provides 
all of the video logic required to present all of the alpha¬ 
betic and numeric characters on the CRT. Each charac¬ 
ter is made in a matrix of eight raster lines in heigth and 
five increments in width. 

8-64. DOT AND RETRACE COUNTERS. These counters 
generate all of the horizontal steps across the CRT. 
The dot counter counts up for each progressive step 
across the CRT. The retrace counter counts back down 
to zero to accomplish CRT retrace. 

8-65. LINE COUNTERS. These counters keep track of 
the vertical position on the CRT, and supply the format 
for each line. Some lines can be used for alphanumerics, 
some can also be used for timing diagrams, and some 
lines are always blanked. 

8-66. CHARACTER COUNTER. The CRT is divided 
into 800 character spaces during alphanumeric dis¬ 
plays (40 character spaces across each line by 20 lines). 
The character counter keeps track of which character 
space is being addressed on the CRT. 

8-67. ADDRESS 2:1 SELECTOR. The address 2:1 selec¬ 
tor obtains two addresses: one is the address of the char¬ 
acter space being enhanced on the CRT, and the other is 
the microprocessor address bus. It supplies one of these 
two addresses to the display RAM. 


8-68. DISPLAY RAM. Before a new display is placed on 
the CRT, the address 2:1 selector supplies the micro¬ 
processor address bus to the display RAM. At each micro¬ 
processor address, the data bus loads the appropriate 
character to be displayed on the CRT. During a display 
presentation, the address 2:1 selector supplies the ad¬ 
dress from the character selector to the display RAM. 
The addressed character stored in the RAM is displayed 
on the CRT. 


8-69. MICROPROCESSOR LATCH. The microproces¬ 
sor latch accepts the output from the display RAM. It 
supplies an output whenever the microprocessor reads 
information from the RAM. 

8-70. CHARACTER CODE LATCH. This latch supplies 
the code for the character to be displayed on the CRT, 
along with codes for the character format, such as 
blinking and inverse video data. 

8-71. CHARACTER GENERATOR ROM. This ROM 
translates the character code along with the format 
information from the line counters into the logic byte 
required to blank and unblank a particular raster scan 
in the 6X8 character matrix. 

8-72. SHIFT REGISTER. The character generator ROM 
dumps the logic byte for the selected raster line into this 
shift register. The shift register supplies the logic byte 
bit-by-bit to the blinking and special effects gating. 

8-73. BLANKING AND SPECIAL EFFECTS GATING. 

This circuit combines the raster line byte with logic for 
normal video, inverse video, blinking video, and blank¬ 
ing, as required for the display type selected in the menu. 
The output is supplied to the video gating where it is 
presented to the display driver for presentation on the 
CRT. 

8-74. TIMING DIAGRAM GENERATOR SEC¬ 
TION. 

8-75. FIRST WORD POSITION COUNTER. This coun¬ 
ter always obtains the address of the first word in 
memory to be displayed on the timing diagram. This 
ensures that the portion of memory actually displayed 
on the timing diagram will be the proper segment for the 
operating mode selected (first 240 words in START 
TRACE mode, and last 240 words in END TRACE 
mode). 

8-76. MEMORY ADDRESS COUNTER. This counter 
generates sequential addresses for the data memory and 
the glitch memory. 

8-77. 8-BIT DATA MEMORY. This memory contains all 
of the data obtained from pod 1 during a trace. It sup¬ 
plies the binary data for all eight channels, byte-by-byte, 
to the 1 of 8 data selector. 
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8-78. 8-BlT GLITCH MEMORY, This memory contains 
all of the glitch information obtained in a trace for all 
eight timing diagram channels. It supplies the glitch 
information for all eight channels to the 1 of 8 glitch 
selector. 

8-79. 1 OF 8 DATA AND GLITCH SELECTORS. This 
circuit chooses one of the eight data channels, along 
with the corresponding glitch channel, for display on 
the CRT. The selector is incremented from one channel 
to the next when the CRT display is incremented from 
one timing diagram slot to the next. 

8-80. 2-BIT SHIFT REGISTER. This register holds both 
the bit that is to be displayed on the present point on the 
CRT, and the bit that was displayed on the last point on 
the CRT. This 2-bit information is used to determine 
whether or not the present bit is different from the last 
bit so that a transition can be included on the screen, if 
applicable. 

8-81. TIMING DIAGRAM DISPLAY ROM. This ROM for¬ 
mats the display of data and glitch information for the 
timing diagram. In this ROM, data transitions, data 
locations, and glitch brighteners are computed. The out¬ 
puts from this ROM provide all of the logic levels 
required for high and low displays, transitions, and 
glitch brighteners for both XI and X10 display 
magnification. 

8-82. X1/X10 SELECTOR. This unit selects either the 
XI magnification signals or the X10 magnification sig¬ 
nals for application to the video gating output. 

8-83. CLOCK AND TIMING CONTROL. This circuit 
generates the operating rate within the circuitry that 
produces the timing diagram. 

8-84. CHANNEL SELECTOR RAM. This RAM supplies 
an output that defines the location being addressed on 
the CRT. This information is used by the 1 of 8 data and 
glitch selectors to choose the channel it will supply to the 


display ROM. The channel select RAM also provides LO 
CHANNEL OFF to blank the display when the timing 
diagram slot on the CRT is turned off by operator 
selection. 

8-85. EXPAND INDICATOR BLOCKS. The three blocks 
that make up this channel begin counting at the location 
where the expand indicator should begin, or where the 
trace should begin in X10 expanded display modes. This 
function counts a number of horizontal display incre¬ 
ments across the CRT (that number equal to the width of 
the area displayed during X10 displays). HEXPI is true 
during this count. 

8-86. TRIGGER MARKER. This function counts the 
number of horizontal locations on the CRT between the 
first sample and the sample which contains the trigger 
word. When this point is reached, the trigger marker 
function generates HTLIN which causes video gating to 
issue a trigger tic mark. 

8-87. GRATICULE COUNTER. This counter provides a 
logic output that produces low level brightening at each 
horizontal location where a graticule line should be writ¬ 
ten on the CRT. 

8-88. VIDEO GATING. This block produces an output 
which is the composite of the alpha, video, data, glitch, 
expand indicator, trigger tic marker, and graticule line 
enhancement. The level differs depending upon the 
signal mix at each sampled point across the CRT face. 

8-89. DISPLAY DRIVER. 

8-90. This section of the display circuitry drives the 
CRT. When alphanumeric characters are being pre¬ 
sented, the horizontal and vertical sweep generators are 
controlled by the alphanumeric character generator. 
These two functions run at their own designed rates 
during timing diagram presentations. The Z-axis ampli¬ 
fier produces the unblanking levels required for all 
displays. 
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Figure 8-7. Mother Board Assembly AS, Parts Identification 
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Figure 8-8. 
Mother Board (A8) Schematic 
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SERVICE SHEET 3 

PRINCIPLES OF OPERATION 

Display driver A13 generates signals to drive the dis¬ 
play. The display is a magnetically-deflected, raster- 
scanned CRT. Display format is 20 lines of 40 characters 
each; each line consists of 9 horizontal scans of the CRT. 
Three signals from the A6 assembly, HVSY, HHSY, and 
VIDEO control the horizontal deflection, vertical deflec¬ 
tion, and video amplifier circuits. 

Horizontal Sync. HHSY (horizontal sync) controls the 
horizontal deflection circuit and the high-voltage 
supply. The HHSY signal is applied to U5 where, under 
normal operation, it is inverted, and used to drive U6. If 
the HHSY signal has an incorrect repetition rate or 
pulse width, U5 prevents the outputs of U6 from being 
on continuously, which would result in damage to U6. 
U6 provides a current pulse to the primary of T1. The sec¬ 
ondary of T1 drives the horizontal deflection and high 
voltage circuits. 

High-voltage Supply. The HV supply provides dc volt¬ 
ages for the CRT, bias voltage for the horizontal deflec¬ 
tion circuit, and +35 volts for the video amplifier. 

When Q9 is on, the current through L3 and the primary 
of T2 increases. When Q9 is turned off, energy stored in 
L3 and the primary of T2 rapidly charges C27. The result 
of the rapid charging is a large positive voltage across 
L3. This voltage is rectified by CR5 to provide the CRT 
accelerator grid bias. The positive voltage is also 
coupled to the secondaries of T2 where it is rectified. 

Horizontal Deflection Circuit. The secondary of Tl also 
controls the horizontal deflection circuit. Just before Q1 
is turned off, current is flowing in the deflection coil and 
the beam is at the right side of the CRT. When Ql is 
turned off, the deflection coil current changes direction 
as C7 charges rapidly. After all the energy is transferred 
to C7, it then discharges through the coil, causing 
another change in direction of coil current. The rapid 
charge and discharge of C7 causes a rapid retrace of the 
beam. At the end of retrace, the voltage across the coil 
attempts to go negative and charge C7 again. When volt¬ 
age across the coil reaches a few volts positive, CR1 
turns on and becomes the current path for the coil. This 


voltage clamping by CRl causes a constant rate of 
change in coil current. This accounts for the first half of 
horizontal scan. CRl is turned on at a positive voltage, 
rather than zero, to compensate for resistive elements in 
the coil current path. This keeps the rate of current 
change from being greater at the beginning of the sweep 
than at the center or right side of the sweep. 

When the beam reaches center screen, the deflection coil 
current is zero. At this time, Ql is turned on and the cur¬ 
rent flow changes direction. This deflects the CRT beam 
toward the right side of the screen until Ql turns off. 
When Ql turns off, retrace begins. 

Compensation for the deflection rate at the sides of the 
CRT is accomplished using C8. During the first half of 
the sweep the charge on C8 increases slightly. At center 
screen, when Ql is turned on, C8 is slowly discharged, 
until the beam reaches the end of the sweep. This re¬ 
duces voltage across the deflection coil at the beginning 
and end of the sweep, reducing the rate of current 
change in the coil. 

Size of the horizontal scan is controlled by R6. R6 con¬ 
trols the voltage available to the deflection circuit by 
decreasing the coil current rate of change. Since the 
period of the sync signal does not vary, the scan will be 
shorter if the deflection rate is decreased. 

Horizontal position is accomplished by injecting a con¬ 
stant current into the deflection coil. R14 determines the 
current. U1 compares voltage drops across C12 and R4, 
and drives Q2 and Q3 until the voltage drops are equal. 
This establishes a constant current through R4. 

Vertical Deflection Circuit. This circuit generates the ver¬ 
tical sweep and controls height, linearity, and position 
of the sweep. Vertical sync (HVSY) from A6 controls a 
ramp generator, which in turn controls current through 
the deflection coil. When HVSY goes high, Q4 is turned 
on; this discharges C14 and C15 through R20. HVSY 
remains high for 0.5 millisecond (until capacitor charge 
returns to a few millivolts). When HVSY goes low, Q4 is 
turned off and C14 and C15 charge at a rate determined 
by R18 and R19. R18 controls amplitude of the vertical 
sweep. Since the period of HYSY is constant, R13 can be 
used to control the distance the beam is deflected within 
that period. 


The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and C15 to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount of feedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt¬ 
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 

At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil LI. This corre¬ 
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo¬ 
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo¬ 
site direction. 

At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voltage pulse 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
C19 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 

Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 

Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 
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The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and CIS to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount of feedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt¬ 
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 

At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil LI. This corre¬ 
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo¬ 
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo¬ 
site direction. 

At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voltage pulse 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
C19 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 

Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 

Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 
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Figure 8-12. 

Block Diagram of 1615A Display Section for Schematic 3 
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PRINCIPLES OF OPERATION 

±12-volt Power Supplies. The+12-volt and-12-volt power 
supplies are regulated to within 5% by U1 and U2. 

+5-volt Power Supply. The +5-volt supply is a switching 
regulator with current limiting and over-voltage 
protection. Pass transistor Q2 in the switching regulator 
is either saturated or cut off. Therefore, very little power 
is dissipated in Q2. 

Switching Regulator Operation. The 20-kHz sync signal 
(HHSY) from clock board A2 is converted to a sawtooth 
wave by A7C13 and A7R21. The reference voltage from 
pin 6 of U1 is divided by Rl 1, R12, and R18, and added to 
the sawtooth wave on pin 5 of Ul. The error amplifier in 
A7U1 compares this voltage with the power supply 
output on pin 4 of Ul. That portion of the voltage on pin 5 
that exceeds the output voltage on pin 4 turns on the 
error amplifier. The error amplifier uses a sample of 
output current from A7R17 to drive a transistor pair 
which turns on and off current source A7Q1. This 
controls pass transistor Q2. A7L1, A7CR4, and A7C9 
form an averaging network. When Q2 is off, the energy 
stored in A7L1 draws current from A7C7 and A7C22 
provide noise filtering. 

+5-volt Supply Protection. If excessive current is drawn 
from the +5-volt supply, a voltage developed across 
A7R13 through A7R15 and A7R40 turns on A7Q2. This 
shunts Ul, holding Q2 off until the current has 
decreased. If excessive voltage develops at the supply 
output, exceeding the breakdown voltage of A7VR1, 
A7CR5 will be triggered. A7CR5 shorts the rectifier volt¬ 
age to ground, opening A7F3. 

-5-volt Power Supply. The operation of this supply is very 
similar to the operation of the +5-volt supply. The volt¬ 
age developed across A7R26 establishes the value of the 
reference current through A7R22 and A7R23. 
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PRINCIPLES OF OPERATION 

The data from the 16 channels of pods 2 and 3 is received 
by buffers U46A and U49D. These are differential- 
in/ECL-out line receivers. The line receiver signals are 
applied to binary counters U31 through U34. The 
binary counters operate both as latches and as counters. 
They operate as counters when the software loads the 
trigger requirements into the trigger memories and dur¬ 
ing self-test. At all other times, they operate as latches. 


Loading of Trigger Memories. When any change is made 
to a menu, the 1615A software reloads all menu- 
controlled portions of the instrument prior to the run. 
The trigger memories are reloaded even if the menu 
change did not affect trigger requirements. At the start 
of a run, LMRST (Low Master Reset) switches low. This 
is inverted through U56A to reset U31 through U34 to 
binary 0. When LMRST switches high again, the binary 


counters begin counting PloSCLK(ECL) clocks. The 
count is applied to the address inputs of the trigger mem¬ 
ories. The data to be loaded at each trigger memory 
address is supplied to pin 13 on U17 and U20. U51C pro¬ 
vides the read/write logic for U17 and U20. When the 
output from U51C is low, the trigger memories load the 
information on pin 13 data inputs. This information 
comes from the microprocessor and conforms to the 
menu selections. The output from U51D is always high 
except when loading the trigger memories. 

Data-acquisition Trace. When a trace starts, LDACQ 
(Low Data Acquisition) switches low, parallel-enabling 
U31 through U34 to operate them as latches. They latch 
data from the line receivers with each P16SCLK(ECL) 
clock. The latch outputs are supplied both to the trigger 
memories and to the ECL-to-TTL translators. The 
trigger memories output an ECL low whenever all 
memories simultaneously recognize a qualified trigger 
word on their address inputs. The translators supply 
their information to the 16-bit data memories shown on 
service sheet 4C. 
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Figure 8-16. State Data-acquisition Assembly Al, Parts Identification 
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Figure 8-18. Block Diagram. 16-bit Data-acquisition Section for Schematic 4B 
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SERVICE SHEET 4B 

PRINCIPLES OF OPERATION 

The qualifier multiplexer consists of two six-bit qualifier 
words. One of the qualifier words is used for 16-bit quali¬ 
fication, and the other is used for 8-bit qualification. 
Both words are ORed together for 24-bit qualification. 
The qualifier words are delivered to logic for ORing or 
isolation, depending on the trigger mode selected. 

There are six qualifier channels in the clock probe. Each 
qualifier channel is delivered to one bit on both qualifier 
words. All bits in both words are identical. Only one bit 
is shown in the simplified qualifier logic diagram. 

Qualifier Bit Loading. Prior to data acquisition, HW15 
and HABO enable clocking of the qualifier flip-flops. 
HDB2 clocks the 16-bit qualifier word. HDB3 clocks the 
8-bit qualifier word. The qualifier words are derived 
from HDB1. The qualifier states establish one of three 
conditions for qualification: (1) a specific word must 
occur to obtain qualification, (2) any word will qualify, 
and (3) no word will qualify. 

Qualification Logic. The signal in each qualifier channel 
is connected through a line receiver and latched with the 
16-bit synchronous clock. The latch output is applied to 
an AND gate and a NOR gate. The AND gate is quali¬ 
fied with any input of 0. The NOR gate is qualified with 
any input of 1. To select logic 0 to qualify the bit, the 
microprocessor loads FF1 and FF2 with 1. The NOR 


gate is satisfied, but the AND gate will only qualify if 0 is 
latched in from the line receiver. Qualification occurs 
when all gates supply low outputs. If one gate supplies a 
high output, it overrides the low from the other gate and 
prevents qualification (wired OR). 

Output Logic (Not 24-bit Mode). L24BST (Low 24-bit 
State) is high. This saturates Q2 and turns off Q1, isolat¬ 
ing the 16-bit and 8-bit qualifier outputs from one 
another. When qualification occurs in the 16-bit 
machine, the low across CR1 is applied to U42A and 
U42D. Two parallel translators are required to drive the 
load on H16QLY (High 16-bit Qualify). The other inputs 
of U42A and U42D are connected to ECL threshold. CR3 
provides noise margin in the threshold circuit. 

Output Logic (24-bit Mode). In the 24-bit mode, L24BST 
is low, turning off Q2 and saturating Ql. Now CR1 and 
CR2 OR both qualifiers together. A low state from either 
qualifier will generate both H16QLY and H8QLY. Both 
outputs are identical in 24-bit mode (both high or both 
low). The only time that these signals can be different is 
in the 16-bit plus 8-bit mode when the 8-bit machine is 
operating with an external clock or is delaying by an 
external clock. 

When the 8-bit machine is operating with the internal 
clock and time delay, the 8-bit qualifier is loaded with 
the DON’T CARE pattern. If only one qualifier word is 
used in 24-bit mode, the other is loaded with the NEVER 
pattern. 


LINE 

RECEIVER 


LATCH 
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The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 


/WM 1*1% A T t Q A M 1« 1> /\ ■■ T L. AM n h n ..-- _. M J-1— — _ 1 — _ A 
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ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A1 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A1, 
and install A1 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. I 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 4B) 


Pin 

Signature 

VH A1U1-16 

C690 

A1U43-5 

FHPA 

A1U43-10 

AHA3 

A1U43-12 

08F5 

A1U56-7 

57CA 


DSA SETUP D. 

1. Remove assembly A1 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A1 
and install A1 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 


START. J 

STOP. J 

CLOCK. J 


Signatures for DSA Setup D (Schematic 4B) 


Pin 

Signature 

VH A1U1-16 

0001 

A1U434 

0000 (blinking) 


840 
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SERVICE SHEET 4C 

PRINCIPLES OF OPERATION 

16-bit Memory. Ul through U16 comprise the 16-bit 
memory. Each chip is a 256X1 binary memory. The 16 
chips of memory are addressed by memory address 
counter U29 and U30. Data which enters the 16 chan¬ 
nels shown on schematic 4A is supplied to the 16 chan¬ 
nels of memory. After a short delay which allows data to 
stabilize, L16MWRT (Low 16-bit Memory Write) from A2 
enables all memory chips simultaneously for about 30 
nanoseconds. They accept the 16 channels of data. At 
the end of L16MWRT, the memories are returned to the 
read state and the memory address counters are 
advanced to the next sequential address by P16CCLK 
(16-bit Counter Clock). 

Output Selector. U23, U24, U27, and U28 comprise an 
output selector. The selector allows the microprocessor 
to obtain the state of the memory address counter or the 
memory index counter, or to obtain the digital informa¬ 
tion for bits 1 through 8 or for bits 9 through 16 from 
memory. One of these four selections is made by decod¬ 
ing HABO and HAB1 from the microprocessor address 
bus. U43A decodes HR14 and HAB4 to either place the 
selected output on the data bus or set the selector chips in 
the high impedance state when their information is not 
desired. 


Memory Address Counter. The memory address counter 
is a count-up counter. It counts from 0 to 255, continu¬ 
ously. Its count addresses specific locations within the 
16 memory chips. 

Memory Index Counter. The purpose of the memory 
index counter is to stop data acquisition when the 16-bit 
memory is full of valid data and to indicate the portion of 
memory that is valid when only a partial run has taken 
place. The memory index counter is only used in modes 
where the trigger starts data acquisition. In modes 
where the trigger ends data acquisition, trigger recogni¬ 
tion stops the run and the memory index counter is not 
needed. 

DATA-ACQUISITION RUN WITH TRIGGER STARTS 
TRACE. (See waveform diagram.) 

Before the Run Starts. When the TRACE key is pressed, 
the microprocessor sets LMRST (Low Master Reset) low 
for approximately 300 microseconds. During this period, 
the memory address counter and memory index counter 
are parallel loaded to binary 1, and clocks are prevented 
from reaching the two counters. Low states are forced on 
H16RCP (High 16-bit Run Complete) and H16VME 
(High 16-bit Valid Memory) to remove the valid-memory 
and run-complete indications. 

Memory Address Counter Begins. When LMRST 
switches high, it releases the counters and the flip-flops 
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and allows the P16CCLK clocks to enter. U45A is imme¬ 
diately set through U44C, providing a high H16VME, 
but H16RCP remains low. H16STE (High 16-bit Store 
Trigger Events) is always high, except during trace 
events mode. In trace events mode, H16STE is only high 
during clock periods which include a recognized trigger. 
Although the memory address counter begins counting 
P16CCLK clocks, the memory index counter is held off 
by a high L16TRC (Low 16-bit Trace Point). L16MWRT 
clocks arrive at the same time that P16CCLK clocks 
arrive. L16MWRT clocks enter the 16-bit data word into 
memory. Then the memory address counter is incre- 
merited to the next seQnentml siddress, snd the next 16- 
bit data word is entered into memory. This continues 
with each arrival of the P16CCLK and L16MWRT 
clocks. 


Memory Index Counter Begins. When the trace point is 
recognized (trigger plus delay specification met in the 
16-bit machine), L16TRC switches low. The output of 
U44B switches high, enabling the memory index 
counter. The memory index counter begins counting 
P16CCLK clocks. There is a delay between P16CCLK 
and L16TRC to ensure that the memory index counter 
does not count the period which included L16TRC. The 
trigger word enters the memory location corresponding 
to count 0 in the memory index counter. 


Data-acquisition Run with Trigger Ends Trace. This mode 
of operation is nearly the same as the START trace 
mode. The major difference rests in the fact that the 

iAiciinJi y mucA i/UuDlci 10 nu l uocu in biiio uiuuc, anu 

H16 VME is used. In the START trace mode, the memory 
index counter signals the end of data acquisition. In the 
END trace mode, recognition of the trace point 
(L16TRC) ends data acquisition. H16VME must be high 
before the 1615A can recognize L16TRC. 


Data-acquisition Phase. In the END trace mode, 
H16START is low. When the TRACE key is pressed, the 
memory address counter begins at count 1 and starts 
advancing with P16CCLK clocks. H16VME is low 
because U45A is reset at the beginning of data acquisi¬ 
tion. The low H16VME is interpreted as memory incom¬ 
plete. It prevents the 1615A from recognizing its trace 
point. When the memory address counter reaches termi¬ 
nal count, the J input of U45A receives a high state. With 
arrival of the next P16CCLK, H16MVE is clocked high. 
It remains high for the rest of the run, indicating that 
the memory has been filled with valid data. Now the 16- 
bit machine is free to recognize trace point. When trace 
point is recognized, the 1615A cuts off P16CCLK and 
L16MWRT clocks, stopping data acquisition. 


Data-acquisition Halts. The memory index counter 
advances to binary 255 and generates terminal count. 
The terminal count is NANDed with H16STE. When 
both signals are high, signifying a full memory of valid 
data, the K input of U45B goes low. U45B generates 
H16RCP (High 16-bit Run Complete) when the next 
P16CCLK arrives. H16RCP is supplied to the clock 
assembly A2 where it halts P16CCLK and L16MWRT. 

Microprocessor-controlled Display. Since the memory 
index counter began its count at binary 1 and issued ter¬ 
minal count at 255, the memory address counter will 
stop at the address which contains the trace point (the 
trigger word if the menu selection was 0 delay). Now the 
microprocessor can provide a display referenced to the 
location of the trigger word. The trigger word is assigned 
line number 000 on the display, with all subsequent 
words assigned higher line numbers. To display other 
locations in memory, the microprocessor supplies clocks 
to the memory address counter. The microprocessor 
supplies one clock for each higher address line desired, 
and 255 clocks (the reciprocal of 1) for each lower 
address line desired. If the operator selects line 127 in 
memory, the microprocessor will supply 127 clocks to the 
memory address counter to increment to the desired 
memory address. Then if the operator elects to see line 
126, the microprocessor will supply 255 clocks to incre¬ 
ment the memory from line 127 to line 126. 

The microprocessor reads bits 0 through 7 and then bits 
8 through 15 at each memory location in order to present 
the display. 


Display Phase. Since the memory address counter began 
its count at binary 1, there is one doubtful location in 
memory: binary 0. In END trace modes, after trace point 
has been recognized, the microprocessor reads the 
address of the memory address counter. If the address is 
not 0, then the microprocessor determines that all 
memory locations contain valid data. If the address is 0, 
then data in location 0 may not he valid. In this case, the 
software prevents display of the data contained in loca¬ 
tion 0. 


Partial Runs. Partial runs can occur if the system clock is 
lost or the operator presses the STOP key before the 
trace point has been recognized in the END trace mode. 
When a partial run occurs in the END trace mode, the 
microprocessor will read H16VME to determine if 255 
valid words have been captured in memory. If H16VME 
is low, the microprocessor will read the address from the 
memory address counter to determine how many lines in 
memory were captured before the STOP key was 
pressed. Then the software will allow only that number 
of lines to be displayed, and will blank all of the other 
memory locations. 

If H16VME is high, then at least 255 valid words have 
been captured in memory. In this case, the micro¬ 
processor will check the address to see if it is location 0. 
It not location 0, then all 256 memory locations contain 
valid data. If the address is location 0, then only 255 
locations will be displayed and location 0 will be 
blanked. 
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When a partial run occurs in START trace mode, the 
microprocessor will read the address of the memory 
index counter. By reading the memory index counter, 
the microprocessor determines how much of the memory 
contains valid data, and permits display of only that 
portion of memory. 


Slow Clock Runs. The microprocessor also reads the 
memory index counter when a run is in process and a 
very slow clock is in use. In this case, the display informs 
the operator of how many valid words have been cap¬ 
tured into memory as the run progresses. 


SIGNATURE ANALYSIS FOR SCHEMATIC 4C. 

The signatures on this schematic are obtained by using 
DSA Setups A and C. The red letters on the schematic 
signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A1 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A1, 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 4C) 


Pin 

Signature 

Pin 

Signature 

VH A1U23-7 

FHPA 

A1U27-7 

C43H 

A1U23-9 

57CA 

A1U27-9 

C6P3 

A1U24-7 

08F5 

A1U28-7 

FA2P 

A1U24-9 

AH A3 

A1U28-9 

427H 


DSA SETUP C. 

1. Remove assembly Al and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for Al 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step b above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


START. J 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup C (Schematic 4C) 


Pin 

Signature 

Pin 

Signature 

VH A1U1-16 

0001 

A1U27-2 

5555 

A1U23-1 

95F3 

A1U27-14 

UUUU 

A1U23-2 

5555 

A1U27-15 

95F3 

A1U23-14 

UUUU 

A1U28-1 

95F3 

A1U23-15 

95F3 

A1U28-2 

5555 

A1U24-1 

95F3 

A1U28-14 

UUUU 

A1U24-2 

5555 

A1U28-15 

95F3 

A1U24-14 

UUUU 

A1U43-1 

3827 

A1U24-15 

95F3 

A1U43-2 

5H21 

A1U27-1 

95F3 

A1U43-3 

95F3 
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PRINCIPLES OF OPERATION 

There are four independent threshold drivers in the 
1615A, one for each probe pod. This prevents threshold 
errors due to ground differences between pods. There are 
only three threshold voltage selectors in the 1615A: one 
for the clock probe, one for the 8-bit data pod, and one for 
the combined 16-bit data pods. Isolation is sufficient 
between the threshold drivers so that a failure occurring 


in one threshold driver may not affect the operation of 
any other threshold driver. 

The four threshold drivers are identical. Only one will be 
discussed. U58C and U58D form an amplifier stage with 
a gain of -0.2 (divide by 5). R38 isolates U58D from the 
capacity of the probe cable, and provides for matching 
the offset currents of the comparators inside the probe 
pod. C9 provides low frequency rolloff in the threshold 
amplifier. C40 protects U58 against high frequency 
transients. 
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Figure 8-22. Probe Threshold/Input Assembly A9, Parts Identification 
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Figure 8-23. 

Probe Thresholds (A9 and P/0 Al) Schematic 
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Figure 8-24, Block Diagram, 8-bit Data-acqumtion Section for Schematic 5A 
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Figure 8-25. 

Block Diagram, 16-bit Data-acquisition Section for Schematic 5A 

8-49 

























o 

UCi 


V 1 V.C 


CCDUirC CLIC CT CA 

v/i-n * i v/1— wi ik>i_ • \j m 

PRINCIPLES OF OPERATION 

Trigger Memory Programming. There are two trigger 
memories on assembly A4: U2 and U3. Both trigger 
memories are loaded with the same trigger data, but 
only one memory is used during any trace. U2 is used 
during ‘24-bit synchronous traces, and U3 is used during 
8-bit asynchronous traces. 

When loading the trigger data into the trigger memories, 
the parallel-enable inputs of input latches U31 and U17 
are high. This forces the input latches to operate as 
hexadecimal count-up counters. Their reset inputs are 
set high during the 300-gsec LMRST period, and then 
low again so that their count begins at binary 0. Their 
count addresses both memories: U2 directly, and U3 
through U18 and U32. The data for each memory 
address (valid or invalid trigger state) is supplied from 
the microprocessor on data bus line HDBO. 

At the end of the trigger-programming period, LDACQ 
(ECL) (Low Data Acquire, ECL) from U45A switches 
low, forcing U31 and U17 to operate as latches for data 
from the line receivers. The latches supply their outputs 
to the synchronous trigger memory and to translators 
U33 and U20 which drive the 8-bit sampled-data 
memory. The low also switches U18 and U32 to select 
the outputs from the line receivers and deliver these to 
the asynchronous trigger memory. 

Synchronous Trigger Operation. The synchronous 
trigger memory (U2) is used during 24-bit synchronous 
operations. The software configures the machine to be in 
the 16-bit triggers 8-bit mode. L24BST(ECL) (Low 24-bit 
State. ECL) is low. It forces U45D low to enable U2, The 
output of U2 is wire ORed with the output from the 16-bit 
synchronous trigger memories on assembly Al. When 
the 24-bit trigger word is recognized, all outputs from the 
16-bit trigger memories and the 8-bit synchronous 
trigger memory go low. providing L24BST(ECL). This 
provides for selecting trigger qualification on data sets 
up to 24 bits wide. In this mode, P8SCLK is the exter¬ 
nally supplied synchronous trigger. 

Asynchronous Trigger Operation. U3 is an ECL memory 
device. In the high output state, U3 can absorb high cur¬ 
rent, but in the low output state, U3 absorbs very little 
current. The input data through U18 and U32 is applied 
to the address inputs of U3. When these data comprise a 
valid trigger word, the output of U3 ramps down toward 
-5.2 V. When it crosses a preset threshold level, UlC 
generates a positive transition to initiate the 8-bit 
asynchronous trigger. If the trigger pattern occurs, but 


does not remain long enough for the U3 ramp lu cross 
threshold, the high output from U3 will immediately 
reset the RC circuit to the high state. 

The rate at which the low output state of U3 can change 
toward -5.2 V is dependent upon the trigger duration 
selected in the menu by the operator. With the fastest 
trigger duration selected, R6, adjustment R20, and Cl 
provide the shortest ramp-dowm period. Longer trigger 
durations are selected by providing a low output on one 
of the inverters in U19 via U46. This connects additional 
capacitance into the RC network. Each capacitor is dedi¬ 
cated to one of the trigger-duration selections. 

Trigger Generator. The asynchronous trigger generator 
consists of both sections of U43 and U44. LRST (Low 
Reset) switches low during microprocessor reset period 
to each trace. This ensures that the output of U43A is 
high and U43Bis low. This sets U44B, providing the not- 
triggered output condition when the trace starts. 

In 8-bit asynchronous triggering with no glitch trigger, 
U44B is used as an asynchronous latch. At the end of the 
reset period, LRST returns high again and remains high 
for the entire run. This enables one OR input to the AND 
functions of U43A and U43B. When UlC recognizes its 
trigger state for the selected duration, its positive transi¬ 
tion satisfies the other OR inputs. Now U43A switches 
low and U43B switches high, resetting U44B to generate 
the 8-bit asynchronous trigger state. When the trigger 
state on UlC disappears, U43B switches low and U43A 
sets U44B again, ending the 8-bit asynchronous trigger 
state. 

When glitch detection is included in the 8-bit asynchro¬ 
nous trace, U44A is added to the trigger circuitry and 
U43A is eliminated. The purpose of this change is to 
stretch the 8-bit asynchronous trigger state to ensure 
that glitches will be captured regardless of whether they 
occur within or outside of the normal sample period. 

HGTRGENA (High Glitch Trigger Enable) is high in 
this mode. U6I) uses this high state to satisfy one OR 
input of U43A. With LRST high, U43A will remain low. 
This releases the set input of U44B and the reset input of 
U44A. Now IJ44A remains in the set state and U44B in 
the reset state after the end of trigger recognition from 
UlC. 

The D input of U44A is low' after the end of the recog¬ 
nized trigger state from UlC. P8SCLK(ECL) (Positive 
8-bit Sampled_clock, ECL) clocks this low into U44A, 
resetting the Q output high. LGLITCHRESET(ECL) 
occurs after P8SCLK(ECL). It clocks the high on Q into 
L T 44B, ending the 8-bit asynchronous trigger condition. 
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Figure 8-26. Timing Data-aequisition Assembly A4. Parts Identification 
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Timing Data-acquisition (P/0 A4) Schematic 
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PRINCIPLES OF OPERATION 

A glitch is defined as logic transitions occurring in both 
directions within one sample period. A sample of the 
logic level at the beginning of the sample period is sup¬ 
plied as a reference to each glitch detector. If the logic 
level of the channel is 0 at the start of the sample period, 
then a transition from logic 1 to logic 0 during that same 
sample period will indicate that a glitch has occurred. 

This discussion is directed to the simplified schematic 
and accompanying set of waveforms. Each of the eight 
channels in probe pod 1 has a separate glitch detector. 
All eight glitch detectors are identical. Each glitch detec¬ 
tor consists of two identical detector halves. The two 
detector halves operate on alternate sample periods. 
One detector half is active during the first sample 
period. Then in the next sample period, it is read and 
cleared while the other detector half is active. 

At TO, HRST (High Reset) from the microprocessor 
resets all four glitch-detection flip-flops prior to run 
start. At Tl, P8SCLK(ECL) (8-bit Sample Clock, ECL) 
arrives. With each cycle ofP8SCLK(ECL,),U5B changes 
states, switching enable levels between U7A/C and 
U7B/D. These OR/NOR gates enable their associated 
circuits when both inputs are low. This discussion will 
describe the case where the enable is applied to U7A/C 
(U5B-Q is low and Q is high). 


Since LGLITCHSET(ECL) is high at Tl, no enable 
occurs in U7A/C, but enable levels are applied to the J 
inputs of glitch-detection flip-flops U36A and IJ48A, 
Any time that the line receiver detects a logic transition 
during the sample period, the associated glitch- 
detection flip-flop will clock its J input. A positive-going 
transition clocks one flip-flop and a negative-going tran¬ 
sition is inverted to clock the other flip-flop. 

At T2, LGLITCHSET(ECL) switches low. This switches 
U7A/C to activate both initial-condition gates U37A 
and U49A, Depending upon the logic state of the initial 
condition, one of these two gates will set its associated 
flip-flop. The set flip-flop corresponds to a logic transi¬ 
tion away from initial condition. The set flip-flop places 
logic 0 on the associated input of U39A. 

At T3, the initial-condition gates are disabled for the 
remainder of the sample period. Now the remaining JK 
flip-flop waits for its transition (transition to initial con¬ 
dition) to clock its logic 0 to U39A. 

At T4, the outputs of U5B switch, removing the enable 
levels from the J inputs of U36A and U48A, and apply¬ 
ing enable levels to the J inputs of the glitch-detection 
flip-flops in the other half of the circuit. Also, USB ap¬ 
plies logic 0 to the third input of U39A. H a glitch was 
detected during the sample period, both Q outputs from 
the flip-flops will be low. The third low now sets U39A 
high. This sets U47A high, providing the glitch-detected 
level through translator U43A to the glitch memory. 


ock Diagram, 8-bit Data-acquisition Section for Schematic 5B 
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Figure 8-29. 

Glitch Detectors 0 through 3 and Control (P/O A4) Schematic 
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Figure 8-30. Block Diagram, 8-bit Data-acquisition Section for Schematic 5C 
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SERVICE SHEET 6A 

PRINCIPLES OF OPERATION 

Service sheet 4C contains a detailed explanation of the 
memories, output selectors, and counters used in the 16- 
bit synchronous data portion of the 1615A. Most of the 
explanation applies directly to the circuits shown on ser¬ 
vice sheet 6A for the 8-bit machine. Read the principles 
of operation given on service sheet 4C. The following 
paragraphs will discuss the differences between that cir¬ 
cuitry and the circuitry used in the 8-bit machine. 

Memory Index Counter. The purpose of the memory 
index counter is to end data capture when a full memory 
of valid data is obtained. There are three different modes 
of operation which use the memory index counter: 
START display with internal clock, START display 
with external clock, and END display with internal 
clock. (In the END display mode with external clock, the 
run stops when the trigger is recognized so the memory 
index counter is not used.) 

Timing diagrams display 249 bits of memory along each 
trace on the CRT. Since the memory contains 256 loca¬ 
tions, but displays only 249, 7 bits of captured data are 
blanked during display of a timing diagram. In order to 
position the trigger word within the 249 displayed bits, 
the memory index counter is preloaded to a different 
count for each of the three modes. The particular value of 
preload in each mode is governed by the logic levels of 
H8START (High 8-bit Start Display) and H8ECLK 
(High 8-bit External Clock). The preload occurs when 
LMRST (Low Master Reset) switches low before each 
new run. 

START Display/External Clock. In this mode, the mem¬ 
ory index counter is preloaded to binary 1 (pin 3 of U37 
high and all other U37 and U38 inputs low). With this 
preload, the trigger word will be stored in memory loca¬ 
tion 0. The first 249 bits of captured data are displayed in 
this mode. 

START Display/Internal Clock. In this mode, the 
memory index counter is preloaded to binary 16. This 
places the trigger word in memory location 15. The first 
seven locations in memory are masked by the channel 
number. Then the next 249 memory locations are pre¬ 
sented on the display. In this mode, 240 bits of data 
acquisition will be captured before the counter signals 
run complete. There will be 15 words in memory proceed¬ 
ing the trigger word; thus 8 bits of pretrigger informa¬ 
tion will be displayed. 

END Display/ Internal Clock. In this mode, the memory 
index counter is preloaded to binary 241. This ensures 
that 15 additional words of data will be captured in 
memory after trigger recognition; thus 8 bits of post- 
trigger information will be displayed 


The memory index counter will count to 255 and gener¬ 
ate terminal count. The high terminal count is ANDea 
with H8STE (High 8-bit Store Trigger Events) in U23C, 
placing a high on the D input of U36B. H8STE is always 
high, except during receipt of a word other than the 
trigger word when in the trace events mode. The next 
clock (clock 256) will set U36B, providing H8RCP which 
stops the flow of clocks to the 8-bit memory. 

Up/Down Counters U44 and U45. In the unmagnified 
mode of operation, these counters are used to remember 
the address of data 0 (the first word captured in memory 
during a trace). The memory address counter always 
stops at the address of data 0 when a trace is complete. 
At the end of each trace, the microprocessor parallel- 
enables U44 and U45 to assume this address. 

In the unmagnified mode of operation, the first seven 
bits of display are used to present the channel number. 
The next 249 words of memory (beginning with data bit 
8) are displayed as the timing diagram. At the end of 
each sweep, LMACLD (Low Memory Address Counter 
Load) switches low. This parallel-enables U31 and U32 
to the address from the up/down counter before begin¬ 
ning the next sweep. 

In START display with external clock, the trigger word 
is located in data 0. Normally this portion of the data 
memory is used to show the channel number. To obtain a 
display which shows data 0 as the first word in the tim¬ 
ing diagram, the up/down counter is counted down 
seven addresses by the software when this mode is 
selected. Now it assumes the address of data bit 249. 
When the display begins, the memory address counter is 
parallel-enabled to address 249. The alphanumeric 
channel number is presented during the first seven bits 
of display, and timing diagram begins with the eighth 
bit to be counted, data 0. 

Memory Index Counter and Associated Logic. To under¬ 
stand the function of the memory index counter and the 
associated logic used in the 8-bit circuitry, each of the 
four 8-bit modes of operation must be described. 

Start Display with Internal Clock. In this mode, the 
trigger point is the eighth dot into the display. 
H8START is high on pin 4 of U5A. Each 14th count of 
the memory address counter is decoded by U18C which 
places a low on pin 5 of U5A. This places a high state on 
the J input of U19B. The 15th clock in the trace gener¬ 
ates H8VME from U19B. 

H8VME enables the trigger circuitry. After trigger 
requirements are met, the next occurrence of P8CCLK 
will clock the memory index counter. The memory index 
counter advances to count 255 and enables U36B. The 
next P8CCLK will generate H8RCP which stops clocks 
during data acquisition, leaving the memory address 
counter at the address of data 0. Since the trigger is 


located at state 15, it will appear as the eighth bit on the 
timing diagram display. 

Start Display with External Clock. H8VME is valid 
from the moment this mode is selected. H8START places 
a high on pin 11 of USB. H8ECLK places a high on 
pin 10. This forces USB low, setting U19B to generate 
H8VME. In this mode, the memory index counter is 
parallel-enabled to binary 1 at the start of the trace. This 
places the trigger word in data 0 of the memory index 
counter. Since H8RCP is generated at count 255 of the 
memory index counter plus one clock for U36B, the 
memory address counter is stopped at data 0, the trigger 
word. 


End Display with Internal Clock. In this mode, H8VME 
is generated at count 255 of the memory address counter 
plus one clock for U19B. H8START is low, placing a 
high state on pin 3 of U5A. Terminal count in the 
memory address counter is inverted by U21D to place a 
low on pin 2 of USA. This places a high state on the J 


input of U19B. The next clock to U19B generates 
H8VME, enabling the trigger circuitry. When trace 
point is recognized, pin 6 of U36 (schematic 6B) goes 
high, permitting the memory index counter to respond to 
incoming clocks. The memory index counter is parallel- 
enabled to count 241 at the beginning of a trace. This 
places the trace point at data 240 of the memory index 
counter. H8RCP is generated at count 255 plus one clock 
for U36B. This permits the 1615A to end the trace. Since 
the trace point is located in data 240, the trigger point is 
nine clocks in from the end of the timing diagram on the 
display. 

End Display with External Clock. In this mode, the 
memory index counter is not used. U46A decodes this 
mode and sets U36B high to provide H8RCP imme¬ 
diately. H8START is low, placing a high state on pin 3 of 
U5A. Pin 2 switches low at terminal count from the 
memory address counter. This places a high state on the 
J input of U19B. The next clock generates H8VME.This 
releases the data-acquisition circuitry to search for the 
trigger that will end data-acquisition. 
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Figure 8-32. 

Block Diagram , 8-bit Data-acquisition Section for Schematic 6A 
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SIGNATURE ANALYSIS FOR SCHEMATIC 6A. 

The signatures on this schematic are obtained by using 
DS A Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3, 
and install A3 on the extender. 

3. Remove microprocessor hoard A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 

r I 'L 1 2 in +L n F) D T XT liMA iL n 

Aixlb AO UiiC AAAAG AlVAlli LAAC lAAlCl U^l OCCSBUI . 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 6A) 


Pin 

Signature 

Pin 

Signature 

T 7"LJ AOTT1 1C 
vaa nuui’iu 

OCflO 

KjKJOKJ 

A OT T X o r» 

Aouwa 

A <\n T_T 

i n 

A3U20-5 

FHPA 

A3U49-7 

C43H 

A3U20-6 

7C7A 

A3U49-9 

C6P3 

A3U44-1 

57CA 

A3U50-7 

08F5 

A3U44-9 

7C7A 

A3U50-9 

AHA3 

A OT T AC 1 
AOU^U-i 

cnr* a 

U/U/A 

A OT Tri i-l 

/\ouo±-/ 

TlTTn A 

r nm 

A3U45-9 

7C7A 

A3U51-9 

57CA 

A3U48-7 

FA2P 




DSA SETUP C. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 


2. Install the extender board in the connector for A3 
and install A3 on the extender. 


3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 

TV»ic ic +V*o T)RTM 1ir»p fynm +Vip 

x mo xO uuv x/x^xxi uiiv Hum mic liilV/i upiUV/COOOi ■ 


4. Reinstall A5 in 1615A mainframe. 


5. Set up signature analyzer as follows: 


START. I 

STOP. I 

CLOCK. 1 


Signatures for DSA Setup C (Schematic 6A) 


Pin 

Signature 

Pin 

Signature 

VH A3U1-16 

0001 

A3U49-14 

UUUU 

A3U35-9 

0AFA 

A3U49-15 

59UA 

A3U46-11 

59UA 

A3U50-1 

59UA 

AOTT-i/? lO 
ADUWXXi 

nortn 

OOA t 

A OTTtA O 
/AO UcJVJ-^ 

5555 

A3U46-13 

0AFA 

A3U50-14 

UUUU 

A3U48-1 

59UA 

A3U50-15 

59UA 

A3U48-2 

5555 

A3U51-1 

59UA 

A3U48-14 

UUUU 

A3U51-2 

5555 

a ot Tin i r 
AOU^O-iU 

rnt T A 

oyu/\ 

A OT Tr* i a 

AOUOI-i^ 

T TT TX TT T 

UUUU 

A3U49-1 

59UA 

A3U51-15 

59UA 

A QTT/1Q O 

Au 

5555 


1 


DSA SETUP D. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3 
and install A3 on the extender. 

3. Remove microprocessor hoard A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 


4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position for this test setup. 

5. Set up signature analyzer as follows: 

START. 

STOP. 

CLOCK . 


Signatures for DSA Setup D (Schematic 6A) 


Pin 

Signature 

Pin 

Signature 

VH A3U1-16 

0001 

A3U44-2 

H59F 

A3U35-8 

H59F 

A3U45-2 

H59F 

A3U35-9 

0AFC 

A3U46-13 

0AFC 

A3U35-10 

755P 
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Figure 8-34, Memory Assembly A3. Parts Identification 
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SERVICE SHEET 6B 

PRINCIPLES OF OPERATION 

Trigger Mode and Delay. Prior to run st art, the micro¬ 
processor clocks logic levels from HDBO into U22, U24, 
and U25. These logic levels select the delay count and 
mode of triggering for the 8-bit machine, according to 
the menu selections made by the 1615A operator. The 
delay count is parallel-enabled into the 8-bit delay count¬ 
er (U8 through U12) before trigger recognition. When 
trigger recognition occurs H8TFP switches high from 
U19A, releasing the delay counter to respond to P8TCLK 
(Positive 8-bit Trigger Clock). 

Glitch Trigger. When a glitch requirement is selected as 
part of the trigger specification, pin 5 of U22 is set high. 
U17 is loaded with high logic levels to activate each 
channel that will be monitored for a glitch. Each high 
level activates one AND gate in U43 or U30. The chan¬ 
nels which are not selected receive low levels from U17. 
If a glitch in channel 0 is selected as part of the trigger 
specification, U17 places a high state on pin 10 of U43 
and low states on all other pins of U43 and U30. When a 
glitch is detected in channel 0, H8SG0 will switch high, 
completing the AND requirement for U43. This forces 
U43 low which produces a high state from U18B. This 
activates one side of U6D to accept H8ATGT (8-bit Asyn¬ 
chronous Trigger). 

The menu shows the glitch requirement as an OR field. 
One channel in U43 or U30 is enabled for each glitch 
trigger specified. Any glitch detected in any one of the 
enabled channels will satisfy the requirements of U18D. 
When no glitch is required as part of the trigger specifi¬ 
cation, U22 sets pin 3 of U18D low, enabling U6D. 

Asynchronous Trigger. H8ATGT occurs during the time 
that the 8-bit trigger is recognized. U21B and U21C 
supply the 8-bit trigger to a connector on the 1615A rear 
panel for triggering an oscilloscope. When loading 
trigger information into the trigger memories, HLDTG 
prevents U21C from generating triggers to the rear- 
panel connector. 


Service 


When H8ATGT occurs, U6D switches low, depending 
upon glitch requirements. This low sets RS latch U6A 
and U6B. With the RS latch set, the next clock will gener¬ 
ate H8TFP (High 8-bit Trigger Flip-flop) from the Q out¬ 
put of U19A. H8TFP is supplied to U47, pin 5. If no 
trigger delay was selected, U47 will generate L8TRC 
(Low 8-bit Trace Point). 

If a delay was specified, pin 6 of U47 will control genera¬ 
tion of L8TRC. U23A decodes states 14 and 15 from U8. 
This is ANDed with H8TFP and terminal count from 
delay counter U12. U23B generates a high state one 
clock period before the end of the delay period selected in 
the menu. This high state is placed on the D inputs of 
U34A and U34B. U34A activates U47 to generate 
L8TRC, and U34B initiates the reset function. 

U33 inverts L8TRC and applies a high state to pin 3 of 
U47. Pin 2 of U47 is always high, except during HRST 
(High Reset) before each trace. This latching circuit 
ensures that once L8TRC switches low, it will remain 
low for the entire trace. U36A synchronizes the internal 
clock with the external clock to control count-enable in 
the memory index counter. 


Reset Logic. U34B supplies a high state to U7B when the 
trigger plus delay specification is met. The other input to 
the AND function in U7B is H8TFP. When U7B 
switches low, it clears U34B and initiates a high reset 
pulse from U6C to clear U7A and U7B. This resets RS 
latch U6A and U6B and trigger flip-flop U19A. 


24-bit Mode. In 24-bit synchronous operation, the 1615A 
captures synchronous data words up to 24 bits wide. To 
do this, the 1615A triggers in the 16-bit triggers 8-bit 
mode. H16TRG8 is high on pins 1 and 13 of U47. When 
both the 8-bit and 16-bit trigger memories meet their 
specified trigger words, assembly A2 supplies H16TFP. 
H16TDLY is ANDed with the first two signals at the end 
of the selected delay period. This generates L8TRC from 
U47. Since L8TRC is coincident with L16TRC in this 
mode, both machines acquire data at the same point. 
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Figure 8-36. Block Diagram, 8-bit Data-acquisition Section for Schematic 6B 
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SIGNATURE ANALYSIS FOR SCHEMATIC 6B. 

Tlifl DifTwo+nroQ r\-ri f^ia opI^otyi a Pi r> ora K\r noirtrr 

x uv k7i^Xi.iAvuxv^» uix latio ovxivxuuuv ux v uvvuinvu ujr uomg 

DSA Setups A and D. The red letters on the schematic 


signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE- 
qunrmvn ibttu cirnsj atiipit 4\tat vctc „+ 

□ UWliilU Iliili UAVUiriA UlViJ l 1A4 X1AJ A kJAkJ at UilC 

beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A3 and the extender hoard from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3, 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in the 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 6B) 


Pin 

Signature 

VH A3U1-16 

C690 

A3U17-2 

7C7A 

A QTTOO O 
no 

nr\n a 
< in. 

A3U35-1 

08F5 

A3U35-13 

C43H 

A3U46-5 

C6P3 


DSA SETUP D. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 


START. I 

STOP. J 

CLOCK. J 


Signatures for DSA Setup D (Schematic 6B) 


Pin 

Signature 

VH A3U1-16 

0001 

A3U35-4 

755P 

A3U35-5 

CCCA 

A3U35-6 

CPC5 


8-65/(8-66 blank) 
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Figure 8-37. 

Timing Trigger (P/0 A3) Schematic 
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SERVICE SHEET 7A 

PRINCIPLES OF OPERATION 

Internal Clock Generation. Y1 and associated circuitry 
comprise a 20-MHz oscillator which originates all inter¬ 
nal clocks in the 1615A, U18 and U19A comprise a 
divide by 2,5, and 10 network which obtains the frequen¬ 
cies for development of all internal clocks. Prior to each 
trace, the microprocessor supplies U3 with an 8-bit 
binary word on HDBO. These eight bits select a specific 
trigger mode and internal trigger frequency according 
to the operators menu selections. When pin 13 of U3 is 
high, U19A divides the 20-MHz oscillator output by 2, 
supplying the clock through U17D and U37D. This sig¬ 
nal also parallel enables U18 after every pulse to reset 
the counter. 

When pin 12 of U3 is high (and pin 13 low), U19Adivides 
the 20-MHz signal by 5, parallel enabling U18 after 
every fifth clock. 

Divide-by-10 is obtained by placing lows on pins 12 and 
13 of U3. This disables U19A. The terminal count from 
U18 is the clock signal. 

Asynchronous ripple counters U5, U6, and U7 are six 
divide-by-10 stages. Multiplexer U4 selects one of the 
clock frequencies from the ripple counters according to a 
three-bit code from U3. This is the asynchronous inter¬ 
nal clock supplied through U28D and U41D. 

External Clock. The PECLK and NECLK (Positive and 
Negative External Clocks) from the clock pod enter A2 
as a differential signal. They are buffered and/or 
inverted through U41B and supplied to U40A and U40B. 
U2A controls U39A and U39B which select either the 
positive or negative edge of the external clock for strobe 
generation. 

Microprocessor Clock. Prior to the start of a trace, the 
microprocessor generates a series of clocks to load the 
trigger memories in the 16-bit and 8-bit data-acquisition 
circuits. During this time, the microprocessor cuts off 
the internal and external clocks by setting HLDTG 
(High Load Triggers) high and H8ECLK (High 8-bit 
External Clocks) low from pins 3 and 4 of U3. The high 
HLDTG through U37C disables U4. HLDTG also forces 
pin 14 of U2C high to disable U40B. The low H8ECLKis 
inverted by U2B to disable U40A. 

The microprocessor clocks are decoded by U51A 
through U51C. U43C and U43D supply the trigger-load 
clocks to the trigger memories in the 16-bit and 8-bit 
data-acquisition circuits. R58, R59, C27, and C28 protect 
against static discharge and provide proper signal lev¬ 
els for the TTL-to-ECL translators. U42A and U39C are 
enabled by inverting HLDTG through U2C These gates 
supply the clocks that increment the counters in the 
data-acquisition circuitry to address the trigger memo- 


xies. When tlis tfigggy msmoriss hsvs bssn fully iosdsci 
HLDTG is set low. This stops the microprocessor clocks 
and enables the internal and external clock circuitry 
(U4, U40A, and U40B) for data acquisition. 

Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 
U15B are enabled and the 16-bit and 8-bit strobes begin. 

Strobe Generation. The wire-ORed clock for the 8-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative¬ 
going charge on C7. The rate at which C7 charges 
toward -5.2 V is controlled by RIO and R6. 

When the voltage on C7 is sufficiently negative, U1C 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. RIO is 
adjusted to delay generation of the positive step from 
UlC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 

U14B and U1A, along with Rll, R7, and C8 form the 
same type of circuit just described. R54 is added to aid re¬ 
covery time. The 8-bit strobe is taken from the Q output 
of U14B. Rll is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
the 8-bit clock strobe applied to clock gates U44 and U45, 
and delay gate U46. 

When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by P16SCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of U1D receives a negative-going charge 
from R12, R9, and C9. Pin 12 of U1D receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
UlD. Then U1D switches high, clocking U14A and set¬ 
ting U15B to initial conditions so that it will respond to 
the next P16SCLK(ECL). 

U14A receives a low on the D input (except during the 
trigger load period before each run). U14A provides a 
high Q output each time it receives a positive edge from 
UlD. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from UlB to U14A is delayed 
by R8, R13, and CIO. R13 is adjusted for a 49.5-ns strobe 
period. Then U14A is set and its Q output returns low. 

Test points TP2 and TP4 are used for measuring pulse 
delay and pulse period when making strobe adjust¬ 
ments. 


0!ock Gate g ont to! . Whsn HRST Hssst) sv/itchss 
low, it clocks run/halt flip-flop U48A. With pin 5 of 
U48A switched high and pin 6 low, the output gates are 
enabled to supply clocks to the memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U48A. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 



Run Status Gates 


Memory Write Clocks. See simplified diagram. U44 sup¬ 
plies memory-write clocks to the 8-bit memory. It oper¬ 
ates only during a trace which includes 8-bit data 
acquisition. The end-trace AND function is enabled dur¬ 
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog¬ 
nized (L8TRC switches low). The other AND function is 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the 8-bit memory is filled with valid 
data (8RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 




Memory Write Clock Generator 
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ries. When the trigger memories have been fully loaded, 
HLDTG is set low. This stops the microprocessor clocks 
and enables the internal and external clock circuitry 
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Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 

IT 1 “ T3 it, ^ 1 a hit Q 
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Strobe Generation. The wire-ORed clock for the 8-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative¬ 
going charge on C7. The rate at which C7 charges 
toward -5.2 V is controlled by RIO and R6. 

When the voltage on C7 is sufficiently negative, UlC 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. RIO is 
adjusted to delay generation of the positive step from 
UlC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 

U14B and U1A, along with Rll, R7, and C8 form the 
same type of circuit just described. R54 is added to aid re¬ 
covery time. The 8-bit strobe is taken from the Q output 
of U14B. Rll is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
tlis 8-bit clock strobe applied to clock gates U44 an dU45, 
and delay gate U46. 

When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by P16SCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of U1D receives a negative-going charge 
from R12, R9, and C9. Pin 12 of U1D receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
U1D. Then U1D switches high, clocking U14A and set¬ 
ting U15B to initial conditions so that it will respond to 
the next P16SCLK(ECL). 


TJ14A receives a low on tbe D input (except during tbe 
trigger load period before each run). U14A provides a 
high Q output each time it receives a positive edge from 
UlD. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from UlB to U14A is delayed 
by US, R13, and. CIO. R.13 is adjusted for a 49.5-ns strobe 
period. Then U14A is set and its Q output returns low. 


Test points TP2 and TP4 are used for measuring pulse 
delay and pulse period when making strobe adjust¬ 
ments. 


Clock Gate Control. When HRST (High Reset) switches 
low, it clocks run/halt flip-flop U48A. With pin 5 of 
U48 A switched high and pin 6 low, the output gates are 
enabled to supply clocks to tbe memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U48A. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 



Run Status Gates 

Memory Write Clocks. See simplified diagram. U44 sup¬ 
plies memory-write clocks to the 8-bit memory. It oper¬ 
ates only during a trace which includes 8-bit data 
acquisition. The end-trace AND function is enabled dur¬ 
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog¬ 
nized (L8TRC switches low). The other AND function is 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the 8-bit memory is filled with valid 
data(8RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 




Memory Write Clock Generator 


Memory Address and Index Counter Clocks. U45 supplies 
clocks to increment the 8-bit memory address counter 
(MAC) and memory index counter (MIC). Separate AND 
gates are used, for eacb of j.our modes; start display, enu 
display, memory read for alphanumeric presentation, 
and memory read for timing diagram presentation. Dur¬ 
ing a trace for data acquisition, either the end-trace or 
start-trace AND function will generate the clocks. These 
two functions receive basically the same input signals 
that were supplied to their counterparts in the memory- 
write clock generator. H8QLY is added to these AND 
gates to hold off data acquisition until clock qualifier 
requirements are met, if selected m tbe B*bit menu. After 
a data-acquisition run is complete, the run/halt flip-flop 
is cleared, disabling the start-trace and end-trace AND 
functions. 




MIC and MAC Clock Generator 

To read the 8-bit memory for presenting a timing dia¬ 
gram, the microprocessor supplies a number of 
NMDCLK clocks to one AND function in U45. These 
clocks increment the 8-bit memory address counter. 


Since no memory-write clocks occur at this time, data in 
the 8-bit memory is unaffected. The microprocessor uses 
a different AND function in U45 to supply clocks when 
_j-; ——„ uadi a 

pxcociitiiig cupiidixuiiicin- uiapidj'o. urvui to mxjycu 

with HW15 to enable this AND function, and the clocks 
are supplied via data bus line HDB7. 


U30 provides the same functions for the 16-bit memory 
address and index counters. The gate used for timing 
diagram clocks in U45 is disabled in U30. 


Trigger Plus Delay Clock Generators. U46 supplies clocks 

id tVin &-lvii iricrcrdr nnH HpIsiv divniTsirv T'VidCP dlndlrs 

used to latch in trigger recognition and to increment the 
8-bit delay counters when trigger plus delay is selected. 
One AND function in U46 is enabled when counting in¬ 
ternal clocks to obtain a time delay. Another AND func¬ 
tion in U46 is used when counting delay by a number of 
external clocks. A third AND function is used to ensure 
that U46 is disabled except during data-acquisition 
runs. 


The clocks used in the 16-bit circuitry to latch in trigger 
recognition and to increment the 16-bit delay counters 
are supplied by U31A and U31B. 




Trigger Plus Delay Clocks 
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Figure 8-39, Block Diagram, 8-bit Data-acquisition Section for Schematic 7A 
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Figure 8-40. Block Diagram, Control Section for Schematic 7A 


SIGNATURE ANALYSIS FOR SCHEMATIC 7A. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 


signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 


DSA SETUP D. 

1 . Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 


IC’S on Schematic 7A Parts on Schematic 7A 


Ref Des 

HP Part No. 

Mfr Part No. 

U1 

1820-0809 

MC10115P 

U2 

1820-1173 

MC10124L 

U3 

1820-1433 

SN74LS164N 

U4 

1820-1217 

SN74LS151N 

U5,6,7 

1820-1991 

SN74LS390N 

U14,15 

1820-1225 

MC10231P 

U17 

1820-0683 

SN74S04N 

U18 

1820-1992 

AM25LS160PC 

U19 

1820-1158 

SN74S51N 

P/O U25 

1820-1730 

SN74LS273N 

U27 

1820-2010 

1820-2010 

U28,43 

1820-1173 

MC10124L 

U29,30,44-46 

1820-0691 

SN74S64N 

T TO 1 

U.31 

i820-0681 

SNTTSuuN 

U37 

1820-1449 

SN74S32N 

U39 

1820-1831 

MC10103L 

U40 

1820-1946 

MC10117L 

U41 

1820-1320 

MC10216L 

U42 

I820T5802 

MU10102P 

U47 

1820-1322 

SN74S02N 

TTyfQ 

1 OOA f\r? op 

OVn * rr -* r»\T 

brs 

U51 

1820-1201 

SN74LS08N 

U52 

1820-1425 

SN74LS132N 



e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 7A) 


Pin 

Signature 

VH A2U3-14 

C690 

A2U3-2 

FHPA 

A2U30-10 

FA2P 

A2U45-10 

427H 

A2U51-5 

FA2P 

A2U51-10 

427H 


4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 


START. J 

STOP. J 

CLOCK. _T 


Signatures for DSA Setup D (Schematic 7A) 


Pin 

Signature 

VH A2U3-14 

0001 

A2U30-9 

9118 

A2U51-1 

755P 

A2U51-2 

UPFF 

A2U51-3 

U982 

A2U51-4 

U982 

A2U51-9 

U982 
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LOC 

REF 
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Cl 

E-2 

C19 

H-3 

C37 

L-2 

R14 

C-5 

R34 

G-3 

R53 

1-2 

R70 

1-6 

UIO 

K-6 

U27 

D-3 

U44 

E-2 

C2 

L-1 

C20 

C-6 

CR1 

C-3 

R15 

C-5 

R35 

G-3 

R54 

B-4 

TP1 

C-4 

U11 

K-6 

U28 

D-3 

U45 

F-2 

C3 

D-5 

C21 

J-5 

CR2 

D-6 

R16 

B-5 

R36 

E-4 

R55 

A-5 

TP2 

E-3 

U12 

L-6 

U29 

E-3 

U46 

G-2 

C4 

E-4 

C22 

M-5 

CR3 

D-5 

R17 

B-6 

R37 

L-2 

R56 

M-3 

TP3 

3-4 

U13 

M-6 

U30 

F-3 

U47 

G-2 

C6 

E-4 

C23 

C-4 

PI 

1-1 

R18 

C-6 

R38 

L-2 

R57 

L-4 

TP4 

E-4 

U14 

B-4 

U31 

G-3 

U48 

H-2 

C6 

C-5 

C24 

G-5 

R1 

E-5 

R19 

C-5 

R39 

L-2 

R58 

E-2 

TP5 

A-6 

U15 

C-4 

U32 

G-3 

U49 

1-2 

C7 

C-4 

C25 

M-3 

R2 

E-5 

R20 

B-5 

R40 

C-3 

R59 

E-2 

TP6 

M-6 

U16 

D-4 

U33 

H-3 

U50 

J-2 

C8 

B-5 

C26 

L-5 

R3 

E-5 

R21 

B-5 

R41 

C-3 

R60 

F-6 

TP7 

E-6 

U17 

G-5 

U34 

1-3 

U51 

K-2 

C9 

C-4 

C27 

E-2 

R4 

E-5 

R22 

D-4 

R42 

D-2 

R61 

G-5 

U1 

B-5 

U18 

G-5 

U35 

J-3 

U52 

K-2 

CIO 

A-5 

C28 

E-2 

R5 

E-5 

R23 

D-4 

R43 

E-5 

R62 

M-5 

U2 

D-5 

U19 

H-5 

U36 

K-3 

U53 

M-2 

C11 

A-5 

C29 

F-5 

R6 

C-5 

R24 

H-3 

R44 

E-5 

R63 

L-3 

U3 

E-6 

U20 

1-5 

U37 

K-3 

U54 

D-6 

C12 

D-4 

C30 

D-2 

R7 

B-5 

R25 

D-3 

R45 

D-4 

R64 

J-6 

U4 

F-6 

U21 

J-5 

U38 

L-3 

U55 

B-4 

C13 

D-4 

C31 

J-4 

R8 

A-5 

R26 

E-5 

R46 

H-2 

R65 

E-6 

U5 

G-6 

U22 

K-5 

U39 

B-2 

U56 

B-1 

C14 

G-3 

C32 

B-3 

R9 

C-5 

R27 

E-5 

R47 

E-2 

R66 

K-4 

U6 

G-6 

U23 

K-5 

U40 

B-2 

U57 

D-1 

C15 

L-2 

C33 

E-3 

RIO 

C-6 

R28 

1-3 

R48 

G-2 

R67 

L-5 

U7 

H-6 

U24 

L-5 

U41 

C-2 

VR1 

D-5 

C16 

J-5 

C34 

F-3 

R11 

B-6 

R29 

1-3 

R49 

1-5 

R68 

L-4 

U8 

1-6 

U25 

M-4 

U42 

D-2 

VR2 

E-6 

Cl 7 

C-3 

C35 

J-3 

R12 

C-6 

R30 

F-3 

R51 

J-3 

R69 

G-6 

U9 

J-6 

U26 

B-3 

U43 

D-2 

Y1 

F-4 

C18 

D-6 

C36 

H-2 

R1 3 

B-6 

R31 

F-2 

R52 

!-5 












Figure 8-41 Trigger and Clock Assembly A2, Parts Identification 
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SERVICE SHEET 7B 

PRINCIPLES OF OPERATION 

This portion of the circuitry generates the trigger that 
establishes trace point for a run of data acquisition in 
the state mode. When 16 bits of state information are to 
be captured, only the trigger memory on assembly Al is 
monitored. When the 24-bit state mode is selected, the 16- 
bit trigger memory is ANDed with the 8-bit trigger 
memory on assembly A4. This ensures that all 24 bits in 
the trigger word will be true before generating L16/ 
24STG(ECL) (Low 16/24-bit State Trigger, ECL). 

When a specified state trigger is recognized, the trigger 
memories supply L16/24STG(ECL), activating U16A 
through U16D. When U16B activates, it places high 
states on the D input of U20A and the J input of U34A. 

Trigger Occurrence Memory. The function of U34A is to 
remember that a trigger has been recognized at least one 
time during a trace. The high state from U16B is clocked 
into U34 A, setting the Q output high. It remains high for 
the rest of the trace, performing many enable functions. 

T rigger Delay Equal to 0. If the operator has chosen delay 
equal to 0, the microprocessor loads a high state on pin 4 
of U22. This forces pin 8 of U21 low. When the selected 
trigger memories are valid, U50C switches low. This 
forces U47C high, releasing the clear input of U34B. The 
J input of U34B is always high, except when delaying by 
trigger occurrences. Therefore, the next qualified clock 
will issue H16TDLY (High 16-bit Time Delay) from 
U34B. 

Pin 6 of U36 is always high, except in the 8-bit triggers 
16-bit mode. When trigger recognition is clocked into 
U34A, the high Q output is applied to pin 5 of U36, 
completing the AND function, and generating L16TRC 
(Low 16-bit Trace Point). 

Delay Register. Before beginning a data-acquisition run, 
the microprocessor loads the delay register with the 
trigger and delay selections made in the 16-bit or 24-bit 
state menu. U23, U24, and pins 10 through 13 of U22 
contain a 24-bit number which represents terminal 
count minus delay in the delay counter. This is loaded 
into the delay counter during LRST, a 900-ns reset 
period from the microprocessor. LRST switches U31C 
output high, switching U19B low, clearing U20A and 
U34A. 

The low state from U34A is applied to the parallel- 
enable inputs of U9 through U13, forcing them to load 
the delay state from the delay register during the rising 
edge of the first clock. After the trace begins and trigger 
recognition occurs, U34A switches its output high, re¬ 
leasing the parallel-enable inputs of the delay counter. 


Delay Control. A high Q output from U2QA enables the 
delay counter to count the delay period. The Q output of 
U20A is always high due to a low on pin 4, except when 
delay by trigger occurrences is selected. In this mode, 
U20A only enables the delay counter during clock 
periods which include a recognized trigger. 

Delay Gate U21 and Associated Circuitry. The delay gate 
activates trigger, reset, and enable circuitry when it 
provides a low output. This low output is generated in 
one of three different ways, depending on the mode of 
trigger delay: during the entire run when delay = 0 is 
selected; after recognition of a related number of inter¬ 
nal clocks when delay by time is selected; and after 
recognition of a number of trigger occurrences when 
delay by occurrences is selected. The logic for each of the 
three delay conditions is explained in the following 
paragraphs. 

When delay equal to 0 is selected, pin 4 of U22 is high. 
This enables one AND function of U21, forcing its out¬ 
put low for the entire run. 

When delay not equal to 0 is selected, several outputs 
from the delay counter are applied to U21. U13 contains 
the four most significant bits in the delay counter. When 
these four bits are 1111 (terminal count), U13 supplies 
enable voltages to the two AND functions dedicated to 
time and occurrence delays. 

U8B also supplies enable voltages to the same two AND 
functions. U8B delivers a high output on counts 14 and 
15 in U9 (the least significant bit counter). 

If trigger-occurrence delay is selected, then the top AND 
function in U21 is used. In this mode, the final enable is 
supplied by U8A. It decodes all odd numbered states 
from U9 and forces U21 low when U9 reaches count 15 
and the output of U20A is high (next trigger recogni¬ 
tion). 

Delay Gate and Trace Point Circuitry. In delay by trigger 
occurrences, the output of U21 switches low at the end of 
the delay period established in the menu. In delay by 
clocks, the output of U21 switches low one clock before 
the end of the delay period established in the menu. In 
delay equal to 0, U21 output is low from the start of the 
trace due to a high state on pin 4 of U22. 

The low output from U21 performs the following three 
functions: (1) it releases U47D (this removes the clear 
from U20B, enabling the reset function); (2) it releases 
U47C (this allows generation of a trigger through U34B 
as long as 8-bit and 16-bit valid memory conditions are 
correct); and (3) it forces U49A and LT49B high (this 
provides H16STE and H8STE to enable the 8-bit and 16- 
bit memory counters for data acquisition. 
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Figure 8-43. Block Diagram, 16-bit Data-acquisition Section for Schematic 7B 
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U34B sets when the trigger plus delay specification is 
met. This high output is supplied to A3 where it triggers 
the 8-bit machine in the 16-bit triggers 8-bit mode. It also 

onoViloo rf-vr-in A MTA fnnpfian in \KTlion TT^HR fiAts 1+Q 

Q output initiates the reset cycle through U33B. 


Trigger Gate. U36 generates L16TRC (Low 16-bit Trace 
Point). This enables the 16-bit memory index counter to 
limit the contents of the state memory during START 
display modes. In END display modes, L16TRC stops 
the run. It also activates the 16-bit ARMS 8-bit AOI on 
A3. U36 generates L16TRC in the following three 
conditions! 


1. When 16-bit trigger plus 16-bit delay specification 
is met in the state circuitry. 


by a high from U50C (when it detects that either the 16- 
bit or 8-bit data memories are not valid). 

In all trigger modes except 16-bit arms/trigger 8-bit, 
U49C holds U48B in the preset state. This allows 
H16VME to control the holdoff of U34B through U50C 
and U47C. In START display modes, H16VME is high 
from the beginning of the run so U34B is released to the 
control of delay gate U21. 

In END display modes, U34B is held in the cleared state 
by U50C until after a full 256 bytes of valid data has 
been captured in the 16-bit memory. To do this, H16 
VME remains low until the 16-bit memory has advanced 
a full 256 counts. Then H16VME switches high, releas¬ 
ing U34B to the control of U21. 


2. During 8 ARMS 16, after arming of the 8-bit is 
complete and the 16-bit trigger arrives. 

3. When in 8 TRIG 16 mode and all 8-bit trigger 
requirements are met. 

The low L16TRC is inverted through U31D and applied 
to pin 9 of U36. Pin 10 of U36 is high, except during 
microprocessor reset, so U36 maintains L16TRC until 
after the trace is complete. Pin 9 of U32C is set low at the 
beginning of a trace by the run/halt flip-flop. When U36 
generates L16TRC, the high transition from U31D 
switches U32C low, providing the transition to the 
16/24-bit TRACE OUT connector on the rear panel. 

Reset Period and Oscilloscope Trigger Generation. U20B 
initiates the reset period. Its Q output switches high at 
the same instant that U34B generates H16TDLY. The 
high from U20B is applied to pin 10 of U33B. Pin 9 of 
U33B is high after trigger recognition in U34A so U33B 
switches low. Part of this low state initiates the oscillo¬ 
scope trigger in U32A. Pin 3 of U32A is always low 
except when the microprocessor is loading the trigger 
memories. The low transition from U33B forces U32A to 
generate a positive-going trigger to the 16/24 BIT TRIG 
OUT connector on the rear panel. This is used for syn¬ 
chronizing an oscilloscope to observe electrical occur¬ 
rences coincident with the 1615A trace point. U32A gen¬ 
erates a new trigger every time the 1615A recognizes its 
trigger plus delay, even though U36 only initiates data 
acquisition the first time that the trace point is recog¬ 
nized. 


During 16-bit arms or triggers 8-bit modes, L16AT8 
forces U49C high. This removes the preset state from 
U48B, preventing recognition of H16VME in U50C. 
H8VME will switch high only when the 8-bit memory is 
valid. This will be clocked into U48B. Then U50C will be 
able to recognize H16VME. This ensures that the 8-bit 
asynchronous memory and the 16-bit synchronous 
memory will both be valid before recognition of trace 
point. The 1615A can not display partial timing dia¬ 
grams; without this additional holdoff, the 1615A would 
show a full timing diagram with no distinction between 
that portion of the diagram which contains valid data 
and that portion which would not contain valid data. 

8 Arms 16 Logic. This circuit holds off 16-bit trigger 
recognition until after the 8-bit trace point has occurred. 
Prior to a run in this mode of triggering, the micro¬ 
processor sets pin 6 of U22 high. The LRST (Low Reset) 
period at the beginning of each run presets the Q output 
of U38A high. U19B ANDs these two high states and 
clears U20A and U34A, preventing trigger recognition 
and delay counting. 

U33A is activated by the high state from pin 6 of U22 
and the positive edge of the strobe generator pulse. It 
provides clock pulses to U38A. When the trace point is 
recognized in the 8-bit instrument, L8TRC switches low. 
This low is clocked into U38A, forcing the output of 
U19B high. This releases U20A and U34A to recognize 
the 16-bit trigger and start the delay counter. The Q of 
U38A enables the AND portion of U36 which responds 
to 8-bit triggers 16-bit mode with internal clock. 


The low reset transition from U33B is also coupled 
through C14 to switch U31C high. The high output from 
U31C forces U19B to clear U20A and U34A, parallel¬ 
enabling the delay counter to terminal count minus 
dslsiy. U31C also clears U20B through. U47D, preparing 
the circuitry to generate the next oscilloscope trigger 
when the next trace point occurs. 


Valid Memory Recognition. Trigger plus delay flip-flop 
U34B is normally held in the cleared state either by a 
high from U21 (before the end of the selected delay), or 


8 Triggers 16 Logic. This circuit allows the 8-bit trace 
point signal (L8TRC) to initiate the 16-bit trace point 
from U36 (L16TRC). Prior to a run in this mode of trig¬ 
gering, the microprocessor sets pin 3 of U22 high. U19B 
holds off trigger recognition and delay counting just as 
in 8 ARMS 16 mode. 

U33A is activated by the high state from pin 3 of U22 
and the negative edge of the strobe generator pulse. It 
supplies clocks to U38A. When L8TRC switches low (8- 
bit trace point occurs), U38A changes states. U36 ANDs 
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the high Q from TJ38A. with the high stst6 from ^in 3 of 
U22 and generates L16TRC. 

The bottom AND gate in U36 is enabled when the 8-bit 
triggers 16-bit mode is selected during use of an external 
clock. It ANDs the high 8 triggers 16 from pin 3 of U22 
with the 8-bit trigger recognition and time delay from 
assembly A3. 

Delay by Trigger Occurrences. In this mode, the micro¬ 
processor sets pin 5 of U22 high prior to run start. This 
removes the preset from U20A. The Q output of U20A is 
only clocked high after each trigger recognition, and 
clocked low again during periods of nontrigger recogni¬ 
tion. This allows the delay generator to count only those 
clocks that occur immediately after each trigger 
recognition. 

Pin 11 of U17E also receives the high from pin 5 of U22. 
This forces pin 10 low, cutting off VR1. Now U16D 
places a high state on the inputs of U34B and U20B only 
during those clock periods which include a recognized 
trigger. This prevents generation of L16TRC during 
other clock periods. 


24-bit Trace Events with De!a u — 0 Lome. Tlie micro- 
processor sets pin 4 of U22 high before starting a run in 
this mode. This enables U16A and U16C by connecting 
them to Vbb through U35C. In this condition, U16A and 
U16C provide high outputs only when a trigger is 
recognized. Their high states are connected through hot- 
carrier diodes to the count-enable-parallel inputs for the 
memory index and memory address counters in the 8-bit 
and 16-bit instruments. 


In trace trigger events with delay not equal to 0, pin 4 of 
U22 is low. This sets U35C to provide a steady high 
output, forcing the outputs of U16A and U16C high, 
regardless of trigger recognition. In this mode, H16STE 
and H8STE are supplied through U49A and U49B, as 
controlled by delay gate U21. This circuit holds off 
counting in the memory address and index counters 
until the end of the delay period. 

In all other modes of operation, U49A and U49B provide 
steady high states to continuously enable the counters. 


SIGNATURE ANALYSIS FOR SCHEMATIC 7B. 

The signatures on this schematic are obtained by using 
DSA Setup A. The red letters on the schematic signify 
the DSA setup to use when observing the signature on 
the adjacent IC pin. The setup and signatures are listed 
below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 


c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. I 

CLOCK . 1 


Signatures for DSA Setup A (Schematic 7B) 


Pin 

Signature 

VH A2U3-14 
A2U22-2 

C690 

FHPA 
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PRINCIPLES OF OPERATION 

U53 is enabled when the microprocessor reads the 
status of circuits within the 1615A. U25A is used by the 
microprocessor to latch the trigger and clock 
specifications for each data-acquisition run. 

External Trigger. The external trigger signal from the 
clock probe is connected through assembly A1 to U41A 
on assembly A2. U41A supplies the trigger waveform 
and its complement. The state on pin 19 of U25 
determines which slope of the waveform will trigger the 
1615A. When pin 19 of U25 is high, U42A is enabled 
through U43B; this selects the positive edge trigger, 
When PETRG (ECL) switches high (negative edge 


switches low), U42B clocks U26A. This sets the Q of 
U26A high. With arrival of the next P8SCLK(ECL) 
(positive-edge 8-bit sampling clock, ECL), U26B will 
provide the 8-bit asynchronous trigger condition. At 
this point, the Q output of U26B sets U26A, returning it 
to the pretrigger condition. U28A prevents operation of 
U26B, except when the external trigger is selected. 

Slow-clock Detector. When U38B is clocked, its output 
switches high. When the microprocessor reads status 
through U53, the high HDB4 is interpreted as a normal 
condition. After reading the high, the microprocessor 
clears U38B through HDB5 on U52C. A predetermined 
time elapses before the microprocessor again reads the 
output of U38B. If a clock has occurred during that 
period, HDB4 will again be high. If no clock has 
occurred, HDB4 will be low and the microprocessor will 
place the SLOW CLOCK notation on the 1615A CRT, 
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Figure 8-45. Block Diagram, 8-bit Data-acquisition Section for Schematic 7C 
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SIGNATURE ANALYSIS FOR SCHEMATIC7C. 

The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


net cetiid A 

w«n oi. ■ wr n. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 


d. Connect signature analyzer stop line to A5U1 
pin 10. 

n- j. -i.-1-1_i. i:_i._ a t-ouifl 

e. 'ouxincul »igiictXure ixuaiyZiVL uauuil line lu aji ito 

(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

ctod r 

Ul Vi. _j 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 7C) 


Pin 

Signature 

Pin 

Signature 

VH A2U3-14 

C690 

A2U52-9 

C6P3 

A2U25-3 

FHPA 

A2U52-13 

AHA3 

A2U25-4 

57CA 

A2U53-3 

427H 

A2U25-7 

08F5 

A2U53-5 

FA2P 

A2U25-8 

AHA3 

A2U53-7 

C6P3 

A2U25-13 

C43H 

A2U53-9 

C43H 

A2U25-14 

C6P3 

A2U53-12 

AHA3 

A2U25-17 

FA2P 

A2U53-14 

08F5 

A2U25-18 

427H 

A2U53-16 

57CA 

A2U50-2 

A2U52-5 

C43H 

08F5 

A2U53-18 

FHPA 
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DSA SETUP C. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. J~ 

STOP. T 

CLOCK. 1- 


Signatures for DSA Setup C (Schematic 7C) 


Pin 

Signature 

Pin 

Signature 

VH A2U3-14 

0001 

A2U35-5 

4978 

A2U35-1 

UPFH 

A2U35-6 

4979 

A2U35-2 

3827 

A2U53-1 

4978 

A2U35-3 

4978 

A2U53-19 

4979 

A2U35-4 

4978 




DSA SETUP D. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 


START. J 

STOP. J 

CLOCK. J 


Signatures for DSA Setup D (Schematic 7C) 


Pin 

Signature 

Pin 

Signature 

VH A2U3-14 

0001 

A2U52-2 

7F7H 

A2U50-1 

9118 

A2U52-3 

0P51 

A2U51-11 

9118 

A2U52-4 

9118 

A2U51-12 

5554 

A2U52-10 

9118 

A2U51-13 

A2U52-1 

755P 

755P 

A2U52-12 

9118 
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Figure 8-46. 

Trigger and Clock, Microprocessor Interface (P/O A2) Schematic 
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SERViCE SHEET 8A 

PRINCIPLES OF OPERATION 

Timing Generation. The 20-MHz system clock is applied 
to a divide-by-three network consisting of U14A and 
U14B. This network generates asvmetrical clocks called 
PDCLK and NDCLK (Positive and Negative Display 
Clocks). PDCLK is high for 50 ns and low for 100 ns. 
NDCLK is the inverse of PDCLK. 

U15 is wired as a 6-bit shift register, clocked by PDCLK. 
U16 ANDs the outputs of the first five states of U15 and 
provides a low to the first stage of the shift register when 
all of the ANDed outputs are high. Therefore only one bit 
in the six-bit register is low at any one time. This 
network divides the clock rate of PDCLK by six. 

U26B and RS latches U17A through U17D provide the 
system timing signals required by the microprocessor 
and the display processor. U13F and U13C provide the 
2-phase nonoverlapping clock for the microprocessor 
(4>1 and 4>2). 

Microprocessor. The 8080A Microprocessor Ul 1 is an N- 
channel MOS device with a 16-line address bus and an 
8-line data bus. It monitors all keyboard switches 
available to the operator and configures the 1615A 
circuits according to the selected operating modes and 


measurements. It also controls all data acquisition and 
data manipulation in the 1615A. In addition, it provides 
diagnostic routines for self-test and it generates error 
and status messages. 

Data Bus. The data bus is the only bidirectional bus in 
the 1615A. During microprocessor read operations, 
DBIN (Ull, pin 17) enables the incoming set of buffers 
in U12 and U24. This routes all information on the data 
bus to the microprocessor. During microprocessor write 
operations, DBIN enables the outgoing set of buffers in 
U12 and U24. This transfers the data from the micro¬ 
processor to the data bus. U25A keeps the buffers in the 
write mode except when the microprocessor orders a 
read. 


Address Bus. Buffers U10 and LT23 increase the drive 
capability of the microprocessor. The microprocessor 
address bus selects locations in ROM and RAM, and 
controls most hardware in the instrument. The first 16K 
addresses are used for ROM and RAM. The top IK 
addresses of this 16K are used for RAM. Addresses 
above 16K are dedicated to I/O to control the operation 
of the 1615A. 

Microprocessor Read/Write Logic. Information from 
ROM is available on the data bus when the first 12K of 
address space is accessed (HAB13 and HAB15 low). 


150NS 

PDCLK 

4>2 

HJUPC 

NCHCLK 

HRAMW 

PCLK1 

PCLK6 



_I I_ 

1_I-I_T 

J—-1_I- 


n_ 



1 A f T T 


is nign, ana pins / ana » 01 ui are uigii. 
enables U25C and HREAD drives U26C low. U9 buffers 
the selected ROM output. LRAMA (Low RAM Address) 
enables reading and writing in RAM. HAB14 and 
HAB15 are used as a linear select to the I/O locations. 
That is HAB14 is ANDed with HREAD, and HAB15 is 
ANDed with HWR. Therefore all I/O read instructions 
use HR14, and all I/O write instructions use HW15, with 
lower addresses selecting particular locations for each 
read or write. 


■ a:__ _ ___ n....... __/'"'O t) 1 DO 

miuiupiUbe»»ui ruwci-up uiiluii. in tiuuugn nu, 

and U26A form the power-up circuit that resets the 
microprocessor to its start-up routine at instrument 
turn-on. The voltage across R3 holds the RESET input of 
the microprocessor high for a time interval determined 
by RC network C2, Rl, and R4. The microprocessor pro¬ 
gram counter is cleared during this time. When C2 
charges sufficiently, U26 sets the microprocessor 
RESET input low. This releases the microprocessor to 
start at location 0 in memory. 
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SIGNATURE ANALYSIS FOR SCHEMATIC 8A. 

The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche¬ 
matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to 
TROUBLESHOOTING WITH SIGNATURE ANALY¬ 
SIS at the beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

3. Set up signature analyzer as follows: 


START. I 

STOP. J 

CLOCK.1 


Signatures for DSA Setup A (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

C690 

A5U2-5* 

C690 (blinking) 

A5U2-7* 

C690 (blinking) 

A5U2-9* 

C690 (blinking) 

A5U2-10* 

0548 

A5U2-14* 

C690 (blinking) 

A5U8-9 

FHPA 

A5U8-10 

57CA 

A5U8-11 

08F5 

A5U8-13 

AHA3 

A5U8-14 - 

C43H 

A5U8-15 

C6P3 

A5U8-16 

FA2P 

A5U8-17 

427H 

A5U9-1 

0000 (blinking) 

A5U9-2 

FHPA 

A5U9-3 

427H 

A5U9-4 

57CA 

A5U9-5 

FA2P 

A5U9-6 

08F5 

A5U9-7 

C6P3 

A5U9-8 

AHA3 

A5U9-9 

C43H 

A5U9-11 

C43H 

A5U9-12 

AHA3 

A5U9-13 

C6P3 

A5U9-14 

08F5 

A5U9-15 

FA2P 

A5U9-16 

57CA 

A5U9-17 

427H 

A5U9-18 

FHPA 

A5U9-19 

C690 (blinking) 


*Signatures not for A5 HP Part No. 01615-66505. If 
checking A5 HP Part No. 01615-66505, A5U2 will have 
same signatures as A5U8. 
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DSA SETUP B (BD THROUGH b6). 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up A5 as follows: 

a. Remove A5U12 and A5U24. 


A m . _• __i..__1_DAUf A 

*i. io periorm signature antu^sis ui xvv/ivx v, jjxvv,ccu. 

as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures of ROM 0 according to the 
table for DSA Setup BO. 


b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 

c. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 


START. 1 

STOP. 

CLOCK. 1 


3. Check part number of A5. If A5 is not 01615-66505, 
check signatures on A5U2 before checking signatures 
on any ROM. Proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures on A5U2 according to table 
for DSA Setup A5U2. 

DSA Setup A5 U2 (for A5 not HP Part 
No. 01615-66505) 


Pin 

Signature 

A5U2-5 

7A70 (blinking) 

A5U2-7 

7A70 (blinking) 

A5U2-9 

7A70 (blinking) 

A5U2-10 

8P54 

A5U2-14 

7A70 (blinking) 


Signatures for DSA Setup B0 (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U8-9 

9UAF 

A5U8-10 

UAH0 

A5U8-11 

PF1P 

A5U8-13 

32F7 

A5U8-14 

HU39 

A5U8-15 

U0A6 

A5U8-16 

0AA9 

A5U8-17 

60H2 

A5U9-1 

0000 (blinking) 

A5U9-2 

9UAF 

A5U9-3 

60H2 

A5U9-4 

UAH0 

A5U9-5 

0AA9 

A5U9-6 

PF1P 

A5U9-7 

U0A6 

A5U9-8 

32F7 

A5U9-9 

HU39 

A5U9-11 

HU39 

A5U9-12 

32F7 

A5U9-13 

U0A6 

A5U9-14 

PF1P 

A5U9-15 

0AA9 

A5U9-16 

UAH0 

A5U9-17 

60H2 

A5U9-18 

9UAF 

A5U9-19 

7A70 (blinking) 
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5. To perform signature analysis of ROM 1, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 

b. Measure signatures of ROM 1 according to the 
table for DSA Setup Bl. 


6. To perform signature analysis of ROM 2, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 

b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. 


Signatures for DSA Setup Bl (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U7-9 

U6H4 

A5U7-10 

20CU 

A5U7-11 

72U2 

A5U7-13 

2563 

A5U7-14 

HF06 

A5U7-15 

AFPH 

A5U7-16 

9753 

A5U7-17 

F97P 

A5U9-1 

0000 (blinking) 

A5U9-2 

U6U4 

A5U9-3 

F97P 

A5U9-4 

20 CU 

A5U9-5 

9753 

A5U9-6 

72U2 

A5U9-7 

AFPH 

A5U9-8 

2563 

A5U9-9 

HF06 

A5U9-11 

HF06 

A5U9-12 

2563 

A5U9-13 

AFPH 

A5U9-14 

72U2 

A5U9-15 

9753 

A5U9-16 

20CU 

A5U9-17 

F97P 

A5U9-18 

U6H4 

A5U9-19 

7A70 (blinking) 


Signatures for DSA Setup B2 (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U6-9 

29UF 

A5U6-10 

0758 

A5U6-11 

F434 

A5U6-13 

U59A 

A5U6-14 

U55C 

A5U6-15 

774F 

A5U6-16 

CUC6 

A5U6-17 

FFUH 

A5U9-1 

0000 (blinking) 

A5U9-2 

29UF 

A5U9-3 

FFUH 

A5U9-4 

0758 

A KTTQ K 
rvu o 

CUC6 

A5U9-6 

F434 

A5U9-7 

774F 

A5U9-8 

U59A 

A5U9-9 

U55C 

A5U9-11 

U55C 

A5U9-12 

U59A 

A5U9-13 

774F 

A5U9-14 

F434 

A5U9-15 

CUC6 

A5U9-16 

0758 

A5U9-17 

FFUH 

A5U9-18 

29UF 

A5U9-19 

7A70 (blinking) 
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7. To perform signature analysis of rtOM 3, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 3). 

b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 


8. To perform signature analysis of kOM 4, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 

b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 


Signatures for DSA Setup B3 (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U5-9 

81CC 

A5U5-10 

UH2P 

A5U5-11 

CU43 

A5U5-13 

59P8 

A5U5-14 

9912 

A5U5-15 

6U16 

A5U5-16 

A732 

A5U5-17 

HCP8 

A5U9-1 

0000 (blinking) 

A5U9-2 

81CC 

A5U9-3 

HCP8 

A5U9-4 

UH2P 

A5U9-5 

A732 

A5U9-6 

CU43 

A5U9-7 

6U16 

A5U9-8 

59P8 

A5U9-9 

9912 

A5U9-11 

9912 

A5U9-12 

59P8 

A5U9-13 

6U16 

A5U9-14 

CU43 

A5U9-15 

A732 

A5U9-16 

UH2P 

A5U9-17 

HCP8 

A5U9-18 

81CC 

A5U9-19 

7A70 (blinking) 


Signatures for DSA Setup B4 (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U4-9 

2135 

A5U4-10 

0572 

A5U4-11 

8FPP 

A5U4-13 

7HU0 

A5U4-14 

0HF4 

A5U4-15 

8957 

A5U4-16 

A8F5 

A5U4-17 

4P43 

A5U9-1 

0000 (blinking) 

A5U9-2 

2135 

A5U9-3 

4P43 

A5U9-4 

0572 

A5U9-5 

A5F5 

A5U9-6 

85PP 

A5U9-7 

8957 

A5U9-8 

7HU0 

A5U9-9 

0HF4 

A5U9-11 

0HF4 

A5U9-12 

7HU0 

A5U9-13 

8957 

A5U9-14 

85PP 

A5U9-15 

A5F5 

A5U9-16 

0572 

A5U9-17 

4P43 

A5U9-18 

2135 

A5U9-19 

7A70 (blinking) 
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9. To perform signature analysis of ROM 5, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U3 pin 20 (chip select of ROM 5). 

b. Measure signatures of ROM 5 according to the 
table for DSA Setup B5. 


10. To perform signature analysis of ROM 6, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 

b. Measure signatures of ROM 6 according to the 
table for DSA Setup B6. 


Signatures for DSA Setup B5 (Schematic 8A) Signatures for DSA Setup B6 

/ AK \Q1 fil nTi.lv J 

I nt/ J. t*( V i ’V/. Wit# wwwOw 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U2-9 

0486 

A5U2-10 

4525 

A5U2-11 

F125 

A5U2-13 

6431 

A5U2-14 

1250 

A5U2-15 

040F 

A5U2-16 

FA71 

A5U2-17 

FP53 

A5U9-1 

0000 (blinking) 

A5U9-2 

0486 

A5U9-3 

FP53 

A5U9-4 

4525 

A5U9-5 

FA71 

A5U9-6 

FI 25 

A5U9-7 

040F 

A5U9-8 

6431 

A5U9-9 

1250 

A5U9-11 

1250 

A5U9-12 

6431 

A5U9-13 

040F 

A5U9-14 

FI 25 

A5U9-15 

FA71 

A5U9-16 

4525 

A5U9-17 

FP53 

A5U9-18 

0486 

A5U9-19 

7A70 (blinking) 


Pin 

Signature 

VH A5U1-16 

7A70 

A5U3-9 

UPUH 

A5U3-10 

C92C 

A5U3-11 

5087 

A5U3-13 

PC9P 

A5U3-14 

7PH2 

A5U3-15 

610A 

A5U3-16 

A740 

A5U3-17 

F4FH 

A5U9-1 

0000 (blinking) 

A5U9-2 

UPUH 

A5U9-3 

F4FH 

A5U9-4 

C92C 

A5U9-5 

A740 

A5U9-6 

5087 

A5U9-7 

610A 

A5U9-8 

PC9P 

A5U9-9 

7PH2 

A5U9-11 

7PH2 

A5U9-12 

PC9P 

A5U9-13 

610A 

A5U9-14 

5087 

A5U9-15 

A740 

A5U9-16 

C92C 

A5U9-17 

F4FH 

A5U9-18 

UPUH 

A5U9-19 

7A70 (blinking) 
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DSA SETUP C. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 is part number 01615-66505). 
This is the address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 


START. J 

STOP. I 

CLOCK. 1 


Signatures for DSA Setup C (Schematic 8A) 


Pin 

Signature If A5 Is Part No.: 

not 01615-66505 

01615-66505 

VH A5U1-16 

0001 

0001 

A5U1-1 

1293 

1293 

A5U1-2 

HAP7 

HAP7 

A5U1-3 

3C96 

3C96 

A5U1-4 

755P 

755P 

A5U1-5 

3827 

3827 

A5U1-6 

0001 

0001 

A5U1-7 

1920 

1920 

A5U1-9 

C34C 

C34C 

A5U1-10 

597C 

597C 

A5U1-11 

UA87 

UA87 

A5U1-12 

4154 

4154 

A5U1-13 

960F 

960F 

A5U1-14 

84AF 

84AF 

A5U1-15 

3PCF 

3PCF 

A5U2-5 

C34C 

— 

A5U2-7 

AA6A 

— 

A5U2-9 

2AU9 

— 

A5U2-10 

HPP0 

— 

A5U2-14 

1920 

— 

A5U8-1 

52F8 

52F8 

A5U8-2 

UPFH 

UPFH 

A5U8-3 

0AFA 

0AFA 

A5U8-4 

5H21 

5H21 


Signatures for DSA. Setup C (Schematic SA.) (Cont’d) 


Pin 

Signature If A5 is Part No.: 

not 01615-66505 

01615-66505 

A5U8-5 

7F7F 

7F7F 

A5U8-6 

cccc 

CCCC 

A5U8-7 

5555 

5555 

A5U8-8 

uuuu 

UUUU 

A5U8-9 

FA44 

FA44 

A5U8-10 

1825 

1825 

A5U8-11 

31A0 

31A0 

A5U8-13 

0209 

0209 

A5U8-14 

8200 

8200 

A5U8-15 

H1A1 

HlAl 

A5U8-16 

0U96 

0U96 

A5U8-17 

P16U 

P16U 

A5U8-19 

HPP0 

HPP0 

A5U8-20 

3PCF 

3PCE 

A5U8-22 

2H70 

2H70 

A5U8-23 

HC89 

HC89 

A5U2-20 

— 

C34C 

A5U3-20 

597C 

597C 

A5U4-20 

UA87 

UA87 

A5U5-20 

4154 

4154 

A5U6-20 

960F 

960F 

A5U7-20 

84AF 

84AF 

A5U9-1 

FPC5 

7HUU 

A5U9-2 

FA44 

FA44 

A5U9-4 

1825 

1825 

A5U9-6 

31A0 

31A0 

A5U9-8 

0209 

0209 

A5U9-11 

8200 

8200 

A5U9-13 

HlAl 

HlAl 

A5U9-15 

0U96 

0U96 

A5U9-17 

P16U 

P16U 

A5U9-19 

FPC4 

7 HUP 

A5U10-2 

HPP0 

HPP0 

A5U10-3 

3827 

3827 

A5U10-4 

1293 

1293 

A5U10-5 

HAP7 

HAP7 

A5U10-6 

3C96 

3C96 

A5U10-7 

755P 

755P 

A5U10-8 

2H70 

2H70 

A5U10-9 

HC89 

HC89 

A5U10-11 

HC89 

HC89 

A5U10-12 

2H70 

2H70 

A5U10-13 

755P 

755P 

A5U10-14 

3C96 

3C96 

A5U10-15 

HAP7 

HAP7 

A5U10-16 

1293 

1293 

A5U10-17 

3827 

3827 

A5U10-18 

HPP0 

HPP0 

A5U10-19 

0001 

0001 

A5U11-1 

HPP0 

HPP0 

A5U11-12 

0000 

0000 

A5U11-17 

0001 (blinking) 

0001 (blinking) 

A5U11-20 

0001 

0001 

A5U11-23 

0001 

0001 

A5UU-25 

UUUU 

UUUU 

A5U11-26 

5555 

5555 


8-88 











Model 1615A 


Service 


Signatures for DSA Setup C (Schematic 8A) (Cont’d) 


Pin 

Signature if A5 is Part No.: 

not 01815-66505 

01815-68505 

A5U11-27 

cccc 

CCCC 

A5U11-29 

7F7F 

7F7F 

A5U11-30 

5H21 

5H21 

A5U11-31 

0AFA 

0AFA 

A5U11-32 

UPFH 

UPFH 

A5U11-33 

52F8 

52F8 

A5U11-34 

HC89 

HC89 

A5U11-35 

2H70 

2H70 

A5U11-36 

755P 

755P 

A5U11-37 

HAP7 

HAP7 

A5U11-38 

3C96 

3C96 

A5U11-39 

3827 

3827 

A5U11-40 

1293 

1293 

A5U12-1 

0001 (blinking) 

0001 (blinking) 

A5U12-13 

0001 (blinking) 

0001 (blinking) 

A5U13-1 

755P 

755P 

A5U13-2 

64HU 

64 HU 

A5U13-3 

FPC5 

7HUU 

A5U13-4 

FPC4 

7HUP 

A5U13-10 

64HU 

64HU 

A5U13-11 

3827 

3827 

A5U23-2 

uuuu 

UUUU 

A5U23-3 

52F8 

52F8 

A5U23-4 

5555 

5555 

A5U23-5 

UPFH 

UPFH 

A5U23-6 

CCCC 

CCCC 

A5U23-7 

0AFA 

0AFA 

A5U23-8 

7F7F 

7F7F 

A5U23-9 

5H21 

5H21 


Pin 

Signature if A5 is Part No.: 

not 01615-66505 

uIdIo-dSdOd 

A5U23-11 

5H21 

5H21 

A5U23-12 

7F7F 

7F7F 

A5U23-13 

0AFA 

0AFA 

A5U23-14 

CCCC 

CCCC 

A5U23-15 

UPFH 

UPFH 

A5U23-16 

5555 

5555 

A5U23-17 

52F8 

52F8 

A5U23-18 

UUUU 

UUUU 

A5U23-19 

0001 

0001 

A5U24-1 

0001 (blinking) 

0001 (blinking) 

A5U24-13 

0001 (blinking) 

0001 (blinking) 

A5U25-1 

0001 

0001 

A5U25-2 

0001 (blinking) 

0001 (blinking) 

A5U25-3 

0001 (blinking) 

0001 (blinking) 

A5U25-4 

0000 

0000 

A5U25-5 

755P 

755P 

A5U25-6 

0000 

0000 

A5U25-8 

FPC4 

7 HUP 

A5U25-9 

64HU 

64HU 

A5U25-10 

AA6A 

1920 

A5U25-11 

3827 

3827 

A5U25-12 

3827 

3827 

A5U25-13 

0001 (blinking) 

0001 (blinking) 

A5U26-1 

0001 

0001 

A5U26-2 

0001 

0001 

A5U26-3 

0000 

0000 

A5U26-8 

FPC5 

7HUU 

A5U26-9 

FPC4 

7HUP 

A5U26-10 

0001 (blinking) 

0001 (blinking) 


DSA SETUP D. Signatures for DSA Setup D (Schematic 8A) (Cont’d) 


1. Remove assembly A5 and the extender board from 

4-1-1C1K A-—- 

me tutun luamiiauic. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 

TVklO 1C Qfli^VOOC Vkvf A 1 ^ 

XlllS AO UUU1VOO lOlt i iJ. L/. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this DSA setup. 

3. Set up signature analyzer as follows: 

START. I 

STOP. J 

CLOCK. J 


Signatures for DSA Setup D (Schematic 8A) 


Pin 

Signature 

VH A5U1-16 

0001 

A5U1-1 

1292 

A5U1-2 

HAP6 

A5U1-3 

3C97 

A5U1-4 

755P 

A5U1-5 

3826 

A5U1-6 

0001 

A5U1-7 

71H4 

A5U1-9 

H6F4 

A5U1-10 

7807 

A5U1-11 

2FF3 

A5U1-12 

PF2P 

A5U1-13 

8F14 

A5U1-14 

U81U 

A5U1-15 

7A71 

A5IJ2-5* 

HfiF4 

A5U2-7* 

A711 

A5U2-9* 

U121 

A5U2-10* 

HPP1 

A5U2-14* 

71H4 

A5TT10-9 

HPP1 

A5U10-3 

3826 

A5U10-4 

1292 

A5U10-5 

HAP6 

A5U10-6 

3C97 

A5U10-7 

755P 


*Do not measure on A5 Part No. 01615-66505. 


Pin 

Signature 

A5U10-8 

2H71 

A5U10-9 

HC88 

A5U10-11 

HC88 

A5U10-12 

2H71 

A5U10-13 

755P 

A5U10-14 

3C97 

A5U10-15 

HAP6 

An;TTiri_1£ 

J. AC; \-> X KJ J. KJ 

1 29,2 

A5U10-17 

3826 

A5U10-18 

HPP1 

A5U10-19 

0001 

A5U11-1 

HPP1 

A5U11-12 

0000 

A5U11-18 

0000 (blinking) 

A5U11-20 

0001 

A5U11-23 

0001 

A5U11-25 

UUUP 

A5U11-26 

5554 

A5UU-27 

CCCA 

A5U11-29 

7F7H 

A5U11-30 

5H20 

A5U11-31 

0AFC 

A5U11-32 

UPFF 

A5U11-33 

52FP 

A5U11-34 

HC88 

A5U11-35 

2H71 

A5U11-36 

755P 

A5U11-37 

HAP6 

A5U11-38 

3C97 

A5U11-39 

3826 

A5U11-40 

1292 

A5U13-8 

0001 (blinking) 

A5U13-9 

0000 (blinking) 

A5U23-2 

UUUP 

A5U23-3 

52F9 

A5U23-4 

5554 

A5U23-5 

UPFF 

A5U23-6 

CCCA 

A5U23-7 

0AFC 

A5U23-8 

7F7H 

A5U23-9 

5H20 

A5U23-11 

5H20 

A5U23-12 

7F7H 

A5U23-13 

0AFC 

A51123-14 

CCCA 

A5U23-15 

UPFF 

A5U23-16 

5554 

A5U23-17 

52F9 

A5U23-18 

UUUP 

A^TTOQ.1 Q 

i AU Cf J - X iV 

nnm 

UWU X 

A5U25-4 

0001 (blinking) 

A5U25-5 

755P 

A5U25-6 

755P 

A5U26-1 

0001 

A5U26-2 

0001 

A5U26-3 

0000 
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SERVICE SHEET 8B 

PRINCIPLES OF OPERATION 

Keyboard Pulse and Control. In the quiescent state, Ql 
and Q2 are cut off. U35A is low. U22 is nonconducting. 
To read the keyboard, the microprocessor forces pin 6 of 
U35B low. This activates Ql and Q2 to generate a 90- 
milliampere pulse on the collector of Q2 which is applied 
to the keyboard. R17 and C8 control the turn-on of Q2. 
The low from U35B also activates U22 to place the four 
lines of data from the keyboard on the data bus. 

The keys on the keyboard are divided into a matrix of ten 
columns of switches with four switches in each column. 
H ABO through HAB3 are BCD coded to select one of the 
ten columns on the keyboard. The 90-milliampere pulse 
is connected through the four switches in the selected 
column. Each of the four switches drives a separate out¬ 
put line (HROWO through HROW3). With no key down, 
little coupling occurs between the pulse and the output 
lines. If a key is down, the associated output line 
(HROWO through HROW3) receives the current pulse. 
The microprocessor reads the output lines through U22. 
The exact key down is detected by decoding HABO 
through HAB3 and HROWO through HROW3. 

When the microprocessor reads a key down, it sets 
HKY1) (High Key Down) high through U40A, U41B, 
and RS latch U35C and U35D. This changes the thresh¬ 
old, increasing the readability of the down key. HKYD is 
held high until the microprocessor reads all keys up. 
They it resets HKYD low again and searches for a new 
key down. 

Trigger Line. U33 and U34 are used during timing dia¬ 
gram presentation. They made up the counter that gen¬ 
erates the tic marks showing the location of the trigger 
word. U21 receives a count signifying the location of 
TC-COUNT, the trigger word in memory. This count is 
parallel loaded into U33 and U34 while the 1615A is 
presenting the channel number. The counter begins its 
count when display of the timing waveform starts. 
When the location of the trigger word is reached (termi¬ 
nal count), U34 generates HTLIN (a 150-ns pulse) which 
paints the trigger tic mark. 

Expand Indicator. The expand indicator intensifies a 24- 
dot segment of a timing diagram during unexpanded 
displays. The 24-dot segment is the area that will be dis¬ 
played on screen during expanded (X10) displays. U20 is 
loaded with a binary count signifying the location of the 
first dot in the expanded segment. The count in U20 is 
parallel loaded into 1131 and l.'32 when the 1615A dis¬ 
plays the channel number in a timing diagram. 


U28 and U27 are normally in the terminal count state. 
Their high output is inverted through U18C to produce a 
low HEXPI (High Expand Indicator). 

When the 1615A begins displaying the timing wave¬ 
form, U31 and U32 count the display locations. When 
U32 reaches terminal count, U28 and U27 are parallel 
loaded to terminal count minus 24. They count 24 clocks 
and return to terminal count. During this 24-clock 
period, HEXPI is high, brightening the 24-dot segment 
on screen. 


Memory Dump and Control. Gate U39 supplies clocks to 
the 8-bit memory when the 1615A is displaying a timing 
diagram. The top AND gate in U39 is only active during 
retrace in magnified displays. During X10 retrace, 
PDCLK clocks U39 while LMACLD (Low Memory 
Address Counter Load) parallel loads the address of the 
starting point of display. After retrace, HHB2 switches 
low, disabling the gate. 

The next AND gate in U39 receives LSTD (Low Start 
Display) from the microprocessor. LSTD is low only 
when presenting a timing diagram. At all other times, 
LSTD is high, preventing clock generation. 

The third AND portion of U39 generates clocks to read 
the data in memory during Xl display magnification. 


The fourth AND portion of U39 generates memory-read 
clocks in X10 display. One of its inputs is decade counter 
U38 which permits only one out of every ten PDCLK 
clocks to reach the 8-bit memory address counters. This 
provides the divide-by-ten function for magnification. 

U40B operates only during X10 display magnification. 
It generates LGLS (Low Glitch Set) one time for every 
ten PDCLK clocks. LGLS enables glitch display. U40B 
prevents displaying the same glitch more than one time 
on an expanded timing diagram. 


Display Control. U36 interfaces several channels from 
the microprocessor that are used in establishing the dis¬ 
play mode. U41A, along with U37C and U37D supply 
LMACLD (Low Memory Address Counter Load). It 
parallel loads the 8-bit memory address counter with the 
location of the first data bit to be displayed when show¬ 
ing a timing diagram. LMACLD is generated in timing 
diagram modes at the beginning of each raster line 
when 1615A presents a channel number. HSTD and 
LHB3 are used to disable LMACLD during a memory 
write or after horizontal retrace blanking. 
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Figure 8-50. Block Diagram. Display Section for Schematic 8B 
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Figure 8-51. Block Diagram, Control Section for Schematic 8B 
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The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche¬ 


matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to TROU¬ 
BLESHOOTING WITH SIGNATURE ANALYSIS at 
the beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 


3. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


DSA SETUP B (BO THROUGH B6). 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up A5 as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 

c. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 


START. 1 

STOP. J~ 

CLOCK. 1 


3. To perform signature analysis of ROM 0 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures of ROM 0 according to the 
table for DSA Setup B0. 


Signatures for DSA Setup A (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

C690 

A5U21-18 

FHPA 

A5U20-3 

427H 

A5U22-3 

FHPA 

A5U20-4 

FA2P 

A5U22-5 

57CA 

A5U20-7 

C6P3 

A5U22-7 

08F5 

A5U20-8 

C6P3 

A5U22-9 

AHA3 

A5U20-13 

AHA3 

A5U36-3 

FHPA 

A5U20-14 

08F5 

A5U36-4 

57CA 

A5U20-17 

57CA 

A5U36-7 

08F5 

A5U20-18 

FHPA 

A5U36-8 

AHA3 

A5U21-3 

427H 

A5U36-13 

C43H 

A5U21-4 

FA2P 

A5U36-14 

C6P3 

A5U21-7 

C693 

A5U36-17 

FA2P 

A5U21-8 

C43H 

A5U36-18 

427H 

A5U21-13 

AHA3 

A5U40-2 

C6P3 

A5U21-14 

A5U21-17 

08F5 

57CA 

A5U41-13 

C43H 


Signatures for DSA Setup BO (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

9UAF 

A5U20-3 

60H2 

A5U22-3 

9UAF 

A5U20-4 

0AA9 

A5U22-5 

UAH0 

A5U20-7 

U0A6 

A5U22-7 

PF1P 

A5U20-8 

HU39 

A5U22-9 

32F7 

A5U20-13 

32F7 

A5U36-3 

9UAF 

A5U20-14 

PF1P 

A5U36-4 

UAH0 

A5U20-17 

UAH0 

A5U36-7 

PF1P 

A5U20-18 

9UAF 

A5U36-8 

32F7 

A5U21-3 

60H2 

A5U36-13 

HU39 

A5U21-4 

0AA9 

A5U36-14 

U0A6 

A5U21-7 

U0A6 

A5U36-17 

0AA9 

A5U21-8 

HU39 

A5U36-18 

60H2 

A5U21-13 

32F7 

A5U40-2 

U0A6 

A5U21-14 

PF1P 

A5U41-13 

HU39 

A5U21-17 

UAH0 
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4. To perform signature analysis of ROM 1 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 

b. Measure signatures of ROM 1 according to the 
table for DSA Setup Bl. 


6. To perform signature analysis of ROM 3 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 3). 

b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 


Signatures for DSA Setup Bl (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

U6H4 

A5U20-3 

F97P 

A5U22-3 

U6H4 

A5U20-4 

9753 

A5U22-5 

20CU 

A5U20-7 

AFPH 

A5U22-7 

72U2 

A5U20-8 

HF06 

A5U22-9 

2563 

A5U20-13 

2563 

A5U36-3 

U6H4 

A5U20-14 

72U2 

A5U36-4 

20CU 

A5U20-17 

20CU 

A5U36-7 

72U2 

A5U20-18 

U6H4 

A5U36-8 

2563 

A5U21-3 

F97P 

A5U36-13 

HF06 

A5U21-4 

9753 

A5U36-14 

AFPH 

A5U21-7 

AFPH 

A5U36-17 

9753 

A5U21-8 

HF06 

A5U36-18 

F97P 

A5U21-13 

2563 

A5U40-2 

AFPH 

A5U21-14 

A5U21-17 

72U2 

20CU 

A5U41-13 

HF06 


Signatures for DSA Setup B3 (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

81CC 

A5U20-3 

HCP8 

A5U22-3 

81CC 

A5U20-4 

A732 

A5U22-5 

UH2P 

A5U20-7 

6U16 

A5U22-7 

CU43 

A5U20-8 

9912 

A5U22-9 

59P8 

A5U20-13 

59P8 

A5U36-3 

81CC 

A5U20-14 

CU43 

A5U36-4 

UH2P 

A5U20-17 

UH2P 

A5U36-7 

CU43 

A5U20-18 

81CC 

A5U36-8 

59P8 

A5U21-3 

HCP8 

A5U36-13 

9912 

A5U21-4 

A732 

A5U36-14 

6U16 

A5U21-7 

6U16 

A5U36-17 

A732 

A5U21-8 

9912 

A5U36-18 

HCP8 

A5U21-13 

59P8 

A5U40-2 

6U16 

A5U21-14 

A5U21-17 

CU43 

UF2P 

A5U41-13 

9912 


5. To perform signature analysis of ROM 2 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 

b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. 


Signatures for DSA Setup B2 (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

29UF 

A5U20-3 

FFTJH 

A5U22-3 

29UF 

A5U20-4 

CUC6 

A5U22-5 

0758 

A5U20-7 

774F 

A5U22-7 

F434 

A5U20-8 

U55C 

A5U22-9 

U59A 

A5U20-13 

U59A 

A5U36-3 

29UF 

A5U20-14 

F434 

A5U36-4 

0758 

A5U20-17 

0758 

A5U36-7 

F434 

A5U20-18 

29UF 

A5U36-8 

U59A 

A5U21-3 

FFUH 

A5U36-13 

U55C 

A5U21-4 

CUC6 

A5U36-14 

774F 

A5U21-7 

774F 

A5U36-17 

CUC6 

A5U21-8 

U55C 

A5U36-18 

FFUH 

A5U21-13 

U59A 

A5U40-2 

774F 

A5U21-14 

A5U21-17 

F434 

0758 

A5U41-13 

U55C 


7. To perform signature analysis of ROM 4 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 

b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 


Signatures for DSA Setup B4 (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

2135 

A5U20-3 

4P43 

A5U22-3 

2135 

A5U20-4 

A5F5 

A5U22-5 

0572 

A5U20-7 

8957 

A5U22-7 

8FPP 

A5U20-8 

0HF4 

A5U22-9 

7HU0 

A5U20-13 

7HU0 

A5U36-3 

2135 

A5U20-14 

8FPP 

A5U36-4 

0572 

A5U20-17 

0572 

A5U36-7 

8FPP 

A5U20-18 

2135 

A5U36-8 

7HU0 

A5U21-3 

4P43 

A5U36-13 

0HF4 

A5U21-4 

A5F5 

A5U36-14 

8957 

A5U21-7 

8957 

A5U36-17 

85F5 

A5U21-8 

0HF4 

A5U36-18 

4P43 

A5U21-13 

7HU0 

A5U40-2 

8957 

A5U21-14 

A5U21-17 

8FPP 

0572 

A5U41-13 

0HF4 
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8. To perform signature analysis of ROM 5 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U3 pin 20 (chip select of ROM 5). 

b. Measure signatures of ROM 5 according to the 
table for DSA Setup B5. 


Signatures for DSA Setup B5 (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

UPUH 

A5U20-3 

F4FH 

A5U22-3 

UPUH 

A5U20-4 

A740 

A5U22-5 

C92C 

A5U20-7 

610A 

A5U22-7 

5087 

A5U20-8 

7PH2 

A5U22-9 

PC9P 

A5U20-13 

PC9P 

A5U36-3 

UPUH 

A5U20-14 

5087 

A5U36-4 

C92C 

A5U20-17 

C92C 

A5U36-7 

5087 

A5U20-18 

UPUH 

A5U36-8 

PC9P 

A5U21-3 

F4FH 

A5U36-13 

7PH2 

A5U21-4 

A740 

A5U36-14 

610A 

A5U21-7 

610A 

A5U36-17 

A740 

A5U21-8 

7PH2 

A5U36-18 

F4FH 

A5U21-13 

PC9P 

A5U40-2 

610A 

A5U21-14 

5087 

A5U41-13 

7PH2 

A5U21-17 

C92C 




9. To perform signature analysis of ROM 6 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 

b. Measure signatures of ROM 6 according to the 
table for DSA Setup B6. 


Signatures for DSA Setup B6 (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

7A70 

A5U21-18 

0486 

A5U20-3 

FP53 

A5U22-3 

0486 

A5U20-4 

FA71 

A5U22-5 

4525 

A5U20-7 

040F 

A5U22-7 

FI 25 

A5U20-8 

1250 

A5U22-9 

6431 

A5U20-13 

6431 

A5U36-3 

0486 

A5U20-14 

F125 

A5U36-4 

4525 

A5U20-17 

4525 

A5U36-7 

FI 25 

A5U20-18 

0486 

A5U36-8 

6431 

A5U21-3 

FP53 

A5U36-13 

1250 

A5U21-4 

FA71 

A5U36-14 

040F 

A5U21-7 

040F 

A5U36-17 

FA71 

A5U21-8 

1250 

A5U36-18 

FP53 

A5U21-13 

6431 

A5U40-2 

040F 

A5U21-14 

FI 25 

A5U41-13 

1250 

A5U21-17 

4525 
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DSA SETUP C. 

1. Remove assembly A5 and the extender board from 
the !6i5A mainframe. 


2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is the address hit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 


3. Set up signature analyzer as follows: 


START. J 

STOP. J~ 

CLOCK. 1_ 


Signatures for DSA Setup C (Schematic 8B) 


Pin 

Signature 

Pin 

Signature 

VH A5U1-16 

0001 

A5U35-4 

HC89 

A5U35-1 

0001 

A5U35-5 

3827 

A5U35-2 

A5U35-3 

HP5A 

HP5C 

A5U35-6 

HP5A 


DSA SETUP D. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 

mi • _ • i j_i -ij. Ate 

inis ib iAtiureBS un AiD. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this DSA setup. 

3. Set up signature analyzer as follows: 

START. J 

STOP. J 

CLOCK. J 

Signatures for DSA Setup D (Schematic 8B) 

Pin Signature Pin Signature 

VH A5U16-1 0001 A5U37-1 755P 

A5U18-1 1292 A5U37-2 2H71 

A5U18-2 755P A5U37-3 0U55 

A5U18-3 PP0H A5U37-4 755P 

A5U18-4 755P A5U37-5 HAP6 

A5U18-5 HPP1 A5U37-6 0421 

A5U18-6 7639 A5U40-1 755P 

A5U20-11 7639 A5U40-4 UUUP 

A5U21-11 PP0H A5U41-1 UUUP 

A5U36-11 0421 A5U41-12 755P 


8-97/(8-98 blank) 
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SERVICE SHEET 9 


If g key is down in the column grounded by U1 flux is 
coupled from the primary to the secondary windings in 
PRINCIPLES OF OPERATION the key switch. This activates the associated output 

integrator (U3B through U-3E), causing it to produce a 
negative-going output pulse. 

Key Switches. The key switches are wired in a matrix of 

ten columns by four rows. Each switch has two 1-turn A low output from any integrator sets the associated RS 

coils wrapped around a core. When a key is relaxed (not latch high. When the microprocessor detects a high 

pressed), a magnet within the switch is positioned so from any latch (key down), it determines the key posi- 

that its field saturates the core. The saturated core per- tion by decoding the row indicated and the internal 

mits very little coupling between coils. When the key is column count (4-bit byte). LKR (Low Key Reset) is a 

pressed, the magnet is moved out of the core, allowing clock that continuously resets the RS latches, 

the core and windings to act as a transformer. 

When the microprocessor detects a key down, it sets 
HKYD (High Key Down) high. This offsets the bias 
Key Sensing. A 4-bit byte from the microprocessor point of integrators U3B through U3E. The result of the 

(HABO through HAB3) is decoded by BCD-to-decimal bias shift is a translation downward of the quiescent 

decoder Ul. This grounds one column of switches, output level of U3B through U3E. Now less total flux is 

allowing the other nine columns to float. HKBR is a 90- required to maintain the negative-going integrator out- 

milliampere pulse from the keyboard control on assem- put pulse. The additional hysterisis introduced by 

bly A5. It is applied to the switch column that is HKYD prevents multiple readings of key switch entries, 

grounded through Ul. Then the 4-bit byte is incre- When all keys are read in the up position for one scan, 

mented and Ul grounds the next column in sequence. HKYD is returned low. 



Figure 8-o3. Block Diagram, Control Section for Sc hematic 9 
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Figure 8-54. Keyboard Assembly A10. Parts Identification 
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Figure 8-55. 
Keyboard A10 Schematic 
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SERVICE SHEET 10A 

PRINCIPLES OF OPERATION 

Dot and Retrace Counters. The 8-bit dot counters (U9 and 
U23) generate all of the horizontal dot locations across 
the face of the CRT (dot 0 on the left and dot 255 on the 
right). At the end of a line (dot 255), the terminal count 
from U23 increments the line counter (U37 and U51) and 
parallel enables the retrace counter (Ull and U10). 

The retrace counter leaves its normal terminal-count 
state, assumes count 1100 0000, and starts counting 
PDCLK (Positive D Clock) clocks. This is the CRT 
retrace period. During the retrace period, the dot counter 
is disabled by a low from the retrace counter, and paral¬ 
lel loaded to 0000 0000. At the end of the retrace period, 
the retrace counter latches at terminal count, the dot 
counter begins counting out the next line, and the cycle 
repeats. 

Vertical Presentation Control. The vertical area of the 
screen is divided into 255 horizontal raster lines. The 
line counter (U37 and U51), in conjunction with the ver¬ 
tical format ROM’s (U50, U36, and U22), format the 
entire display. The 8-bit output from the line counters is 
decoded for each horizontal raster line in the vertical for¬ 
mat ROMs. Each line must be treated as a special case: 
some lines are used for blanking, some for alpha- 
numerics, some for either alphanumerics or timing dia¬ 
grams, etc. The ROM stores the format for each line and 
configures this information into twelve lines of binary 
data for the raster line being presented. 

Alphanumeric Displays. In alphanumeric presentations, 
each character is six dots wide by nine raster lines high. 
The sixth dot and the last two raster lines in each char¬ 
acter are blanked to provide spacing between characters 
and lines. 

The CRT face is divided into 800 character spaces, 40 
character spaces along each line by 20 character lines. 
The first line at the top of the CRT contains characters 0 
through 39, the next line contains characters 40 through 
79, etc. 

The character counters consist of U4 through U6. These 
count the 800 alphanumeric character spaces on the 
CRT face. During each horizontal sweep, they count up 
40 characters. During eight out of every nine retrace 
periods, they count back down 40 characters. During 
every ninth retrace period, the count-down input is dis¬ 
abled so that the following character count will begin on 
the next line of 40 character spaces. 

The character counters generate a 10-bit byte that 
addresses the display RAM. The same line of memory is 
addressed for each of the nine raster sweeps. Then the 
next, line of memory is addressed for nine sweeps, etc. 
The vertical format ROMs select which raster line of the 


character will be represented during 6ach of the nine 
sweeps. 

NAND gate U25B supplies the count-up clock to the 
character counters. When LHBl and LHB2 (Low Hori¬ 
zontal Blanking 1 and 2) are high, U25B connects 
NCHCLK (Negative-edge Character Clock) to the count- 
up inputs. During retrace, gates U12A and U12B supply 
the clocks for the count-down inputs. 


Three binary outputs from the retrace counters are 
supplied to U12A. They are decoded to obtain exactly 39 
clocks from U12A during retrace. These 39 clocks, plus 
the terminal count pulse from the dot counters, are sup¬ 
plied through U12B to drive the count-down input of the 
character counters. These 40 pulses return the character 
counters to the beginning of the line. 

A high from VF2 (pin 10 of U50) is clocked through 
U38A to enable U12B during raster lines one through 
eight of each character. On the ninth raster line of each 
character, VF2 switches low and prevents transfer of 
the down-count clocks from U12A through U12B. 


Alphanumeric Display/Timing Diagram Selector. The 

alphanumeric/time switch consists of U39C, U52A, and 
U46A. These switch logic levels which enable the alpha¬ 
numeric circuitry and the timing diagram circuitry. The 
alphanumeric circuitry generates the heading, channel 
numbers, and data lists. The timing diagram circuitry 
generates the traces used during timing diagram presen¬ 
tations. 

The HALPH, LALPH, and LALPH2, (High and Low 
Alphanumeric) signals will always be true, except in the 
CRT spaces where timing diagrams are permitted. In 
these spaces, VF0 (pin 12 of U50) is high. When timing 
diagrams have been selected, HTIME (High Timing 
Diagram) is high. When both of these signals are high, 
U39C provides a low state to the D input of U52A. This 
low switches the outputs of U52A and U46A to enable 
the timing diagram circuitry and disable the alpha¬ 
numeric circuitry. When alphanumeric presentations 
are selected, HTIME is low. When in areas of the CRT 
display reserved for alphanumeric presentations (such 
as the heading), VF0 is low. Either low will force the 
alphanumeric/time switch to enable the alphanumeric 
circuitry and disable the timing-diagram circuitry. 

Horizontal Blanking. The horizontal blanking logic con¬ 
sists of U24 and U25. At the beginning of a trace, the ter¬ 
minal count of the retrace counters is high, and LHBl, 
LHB2, and LHB3 (Low Horizontal Blanking 1, 2, and 3) 
are all high. These three blanking signals are combined 
on U24 to generate a signal called HHB (High Horizon¬ 
tal Blanking) which is low. Any one of the LHBl, 2, or 3 
inputs can go low to generate HHB which blanks the 
CRT. 




Klonlrinrr -fV»v 

uiuill\lll^ 4 .V /1 
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occurs after dot 240. This point is detected by U24A 
which sets LHBl low. At count 255, the dot counters 
parallel enable the retrace counters and the terminal 
count of U10 is low, generating LHB2. LHB2 remains 
low for the horizontal retrace period. LHB2 maintains 
the HHB high to continue blanking, stops HHSY (High 
Horizontal Sync), and disables U25B to prevent 
NCHCLK (Negative Character Clock) from clocking the 
count-up input of the character counters. 


One PCLK6 clock later, LHB3 goes low. This sets the 
alphanumeric/time switch to alphanumeric and contin¬ 
ues the blanking of HHB from U24B. 


When the retrace counters reach terminal count, even 
though the dot counters are no longer parallel enabled, 
they can not function due to LHB3 which remains low 
until the next PCLK6 clock is received from the micro¬ 
processor. This additional clock period after retrace per¬ 
mits all functions to be synchronized with the 
microprocessor clock. When PCLK6 arrives, LHB3 goes 


1 UUD_1 _1 iL . J_j._i 1 ■ _ 

tuw, iniu guca iuw, aiiu me uui euuiiLers uegm a new 

cycle. 

Horizontal Sync/Power Supply Sync. U25C, along with 
U39B and U39D, generate HHSY (High Horizontal 
Sync) which is used on assembly A13 to control the 
horizontal deflection circuit, and as a 20-kHz sync sig¬ 
nal in the power supply. 

Graticule Generator. The graticule generator consists of 
U52B and U53. It is a divide-by-20 counter that operates 
only during timing diagram generation. During alpha¬ 
numeric presentations, U52B is cleared by a low LALPH 
which prevents operation. The graticule generator 
HGRAT (High Graticule) pulse occurs once every 20 dots 
during a timing diagram. U58B divides the NDCLK by 2 
and decade counter U53 makes ten counts to terminal 
count. At the beginning of each line, U53 is parallel 
enabled and loaded with a binary 9. On the first clock 
after enable (High or LALPH), it generates the first 
HGRAT pulse. Then it generates a new HGRAT pulse 
every 20 clocks thereafter. 


I6I5A HORIZONTAL TIMING 

O 10 US 20 US 30 US 40 US 50 US 

I I I I I I 



RETRACE COUNTERS 
HXOUNT 0-63 —» 


1^300 N 
1 


1 

J 


I 

I 


•DOT COUNTERS COUNT 0-255 



HHB-^-RETRACE BLANKED 


240 DOTS OF ALPHA INFORMATION DISPLAYED 


LHBl - blanks after dot 240 to eliminate alphanumerics. 


LHB2 - blanks during horizontal retrace. Stops HHSY, 
Prevents count-up in character counters. 

LHB3 - sets alphanumeric/time switch to alphanumeric, 
and extends blanking period. 


HHB - Composite of LHBl, LHB2, and LHB3. 

HHSY - switches every half-sweep-cycle to control hori¬ 
zontal deflection in A13. 

HHB2 - activates a gate on the microprocessor board 
that is used only during retrace in X10 magnification 
modes. 
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Figure 8-56. 

Block Diagram, Display Section for Schematic 10A 
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Figure 8-57. Display Programmer Assembly A6, Parts Identification 
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Figure 8-58. 

Video Timing Logic (P/O A6) Schematic 
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SERVICE SHEET 10B 

PRINCIPLES OF OPERATION. 

Data Selectors and RAM. Data selectors U15 through 
U17 connect ten lines of address from either the micro¬ 
processor or character counters to the RAM (U28 
through U31 and U42 through U45). When HUPC (High 
Microprocessor Control) is high, the microprocessor 
addresses the RAM; when low, the character counters 
address the RAM. 


Alphanumeric Latch. Alphanumeric latch U26 receives 
the RAM outputs. The first six bits are the ASCII code 
for the alphanumeric character to be presented. The last 
two bits control the display format, selecting normal 
video, inverse video, and blinking video. 


Character ROM/Shitt Register. The ASCII character 
code in U26 is supplied to Ul. Vertical format bits VF9 
through VF11 are decoded to select the particular raster 
line (0 through 6) of the character to be displayed. Ul 
parallel loads the proper binary information into U2 for 
the raster line to be presented. The U2 inputs that are 
tied low are used for blanking between characters. The 
raster-line data from Ul is parallel loaded into U2 when 
the shift/load input of U2 is low. This occurs when 
NDCLK is high andPDCLKl is low (time between char¬ 
acters). 


Alphanumeric Output Multiplexer. U3 consists of four 

ft -ft T T-v , ft T /-I TV 1 j TTT'il It A XTrv i i . 1 

A. 1 NJJ gates rvurvea togeiner. vvitn an /\inu umpuis low, 
the NOR output is high. This brightens the CRT at the 
corresponding point. When any AND gate in U3 is high, 
pin 8 of U3 is low, blanking the corresponding point on 
the CRT. 

The top AND gate of U3 accepts the inputs for normal 
video. The next AND gate provides blanking when 
required by HHB (High Horizontal Blanking). The third 
AND gate accepts the inputs for inverse video. The bot¬ 
tom AND gate receives VF1 from the vertical format 
ROM. This gate controls raster line blanking. HALPH 
(High Alphanumeric) enables U3 during alphanumeric 
displays and forces the output of U3 high during timing 
diagram displays. 

RAM Output Latches. Latches U27 and U41 are D latches 
with three-state outputs. Since G1 and G2 are low, the 
latches are always enabled. The 8-bit data from RAM 
are latched on every positive clock. Normally the latch 
outputs are in the high-impedance state. To place the 
latched information on the data bus, the microprocessor 
sets HREAD (High Read) high and LRAMA (Low RAM 
Address) low. This forces output control pins 1 and 2 
both low on U27 and U41. 

RAM Write Logic. When LRAMA is low, HWR (High 
Write) is high, and HRAMW (High RAM Write) is high, 
U47C enables the RAM WRITE terminals. This enters 
the data from the data bus into the RAM at the locations 
addressed by U15 through Ul”, 
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Figure 8-59. Block Diagram, Display Section for Schematic 10B 
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SIGNATURE ANALYSIS FOR SCHEMATIC 10B. 

The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
"listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. L 

STOP. -T 

CLOCK. T- 


Signatures for DSA Setup A (Schematic 10B) 


Pin 

Signature 

Pin 

Signature 

VH A6U1-24 

C690 

A6U41-3 

FHPA 

A6U27-3 

C43H 

A6U41-4 

57CA 

A6U27-4 

C6F3 

A6U4I-5 

uaF5 

A6U27-5 

FA2P 

A6U41-6 

AHA3 

A6U27-6 

427H 

A6U42-11 

AHA3 

A6U28-11 

427H 

A6U43-11 

08F5 

A6U29-11 

FA2P 

A6U44-11 

57CA 

A6U30-11 

A6U31-11 

C6P3 

C43H 

A6U45-11 

FHPA 


DSA SETUP C. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re- 

r\n A _ -C _\TM ar\rJ 

move uda jumper trum vuvnuu; ioiuuu»io 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START. I 

STOP. •••• J 

CLOCK. L 


Signatures for DSA Setup C (Schematic 10B) 


Pin 

Signature 

VH ASU1-24 

0001 

A6U15-10 

uuuu 

A6U15-13 

5555 

A6U16-3 

CCCC 

A6U16-6 

7F7F 

A6U16-10 

5H21 

A6U16-13 

0AFA 

A6U17-3 

UPFH 

A6U17-6 

52F8 

A6U17-10 

HC89 

A6U17-13 

2H70 

A6U27-1 

2AU9 

A6U27-1 

1920* 

A6U27-1 

P43A** 

A /JTTory o 
(-6 

nnrvrv 

uuuu \umiiviiigy 

A6U41-1 

2AU9 

A6U41-1 

1920* 

A6U41-1 

P43A** 

A6U41-2 

0000 (blinking) 

Abu47-ii 

Z./A.UO 

A6U47-11 

1921* 

A6U47-11 

P43C* 

A6U49-10 

0000 (blinking) 

A6U49-11 

0001 (blinking) 


♦When A5 is 01615-66505 and HP-IB option not installed. 
♦♦When A5 is 01615-66505 and HP-IB option is installed. 
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DSA SETUP D. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer cl ock line to pin 18 
of A5U11. This is the microprocessor WR line. 



Figure 8-60. Block Diagram, Control Section for Schematic 10B 


4. Reinstall A5 in 1615A m ainfram e 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START . 

STOP. 

CLOCK. 


Signatures for DSA Setup D (Schematic 10B) 


Pin 

Signature 

VH A6U1-24 
A6U47-10 

0001 

0001 (blinking) 
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figure 8-62. Block Diagram, Display Section for Schematic IOC 

















































Model 1615A 


Service 


SERVICE SHEET IOC 

PRINCIPLES OF OPERATION 

Data Multiplexer. Multiplexer U20 receives the data from 
the 8-bit data memory on A3. U21 receives the eight 
lines of glitch information from the glitch memory. U20 
is always active because its strobe (pin 7) is low. U21 is 
active only when LGL (Low Glitch) is low, glitch 
presentations are selected for the timing diagram. 

The timing diagram is normally presented with 
channel 0 in the first CRT location. The other channels 
are presented in sequence, with channel 7 in the last 
CRT location. The sequence of presentation is 
controlled by U19 and U33. It can be rearranged by the 
1615A operator through menu selection. For example, 
the operator may elect to display channel 4 in the first 
location, channel 6 in the second location, and blank the 
third location. These menu selections are entered into 
memory and loaded into U19 and U33 by the micro¬ 
processor. 

Before each run, RAM U19 is loaded with the numbered 
channel to be presented at each of the eight timing 
diagram locations. VF3 through VF5 from the vertical 
format ROM indicate the timing diagram location 
being addressed on the CRT. RAM U19 obtains the 
present location from U33 and selects the channel 
number to be presented according to the program from 
the microprocessor. The first three bits from U19 select 
one of the eight data and glitch channels in U20 and 
U21. The fourth bit from U19 blanks the timing 
diagram in channels that were turned off. An X is 
displayed in the channel number column beside each 
blanked timing diagram location. 

HSTD (High Start Timing Diagram) controls selection 
in U33. When HSTD is low, data bus inputs address 
locations in RAM U19 that contain the channel 
numbers. When HSTD is high, VF3 through VF5 select 
a data and glitch channel for the timing diagram. 

Data and Glitch Latches. The information from the data 
and glitch channel selected in U20 and U21 is latched 
into U8B and U32A by the PDCLK (Positive D Clock). 
The outputs from U8B and U32A are applied to display 
ROM U34 where they are interpreted as instantaneous 
data and glitch. U8A and U32B latch this information 
on the next PDCLK. They supply their outputs to U34 
where they are interpreted as the previous two bits. 

Display ROM. The display ROM uses the present data 
and last data information to detect changes in levels 
(transitions). Vertical format bits VF6 through VF8 are 
decoded in U34 to identify each raster line in the timing 
diagram location being displayed. ROM U34 uses the 
above information to format the timing diagram. All 
points where the data are high have brightened dots on 
the top raster line. All points where the data are low 


have brightened dots on the bottom raster line. All 
points which include transitions (changes from low to 
high or high to low) have brightened dots on each raster 
line. The last two raster lines in each timing diagram 
location are reserved for blanking between channels. 


Any time that U47B receives a low input, it deselects 
display ROM U34. The low input may come from 
several sources, depending upon the mode of operation. 
During alphanumeric displays, LALPH (Low Alpha¬ 
numeric Display) is low. The fourth bit from U19 is 
supplied to U47B to blank particular timing diagram 
locations. HSTD is low when the channel number is 
being written. This clears U46B which places a low on 
U47B. 

Outputs D1 (data) and D2 (glitch) from ROM U34 carry 
the information for the unexpanded (XI) display mode. 
D3 and D4 are the outputs for the expanded (X10) 
display mode. U48B gates the data information and 
U48A gates the glitch information from U34. Only one 
AND gate in U48A and U48B is enabled at one time. 
HX1 (High XI) and LX1 (Low XI) from the micro¬ 
processor make the selection according to display 
magnification selections made by the 1615A operator. 
When alphanumeric displays are being generated, 
U48B is disabled by a low LALPH. In this case, U48B 
provides a high output, enabling U7C to be controlled 
by HALPHVIDEO (High Alphanumeric Video) from 
the alphanumeric generator. 


Output Gating. U18A, U18B, and U18C control display 
brightness for each data and glitch bit and graticule 
line presented on the CRT. The three U18 gates are 
open-collector AND gates. When any U18 gate receives 
a low input, it draws current across its associated 
resistor, lowering the voltage in the video output. This 
brightens the corresponding point on the CRT. The 
different resistor values in the gates of U18 are chosen 
to provide different levels of brightness for data bits, 
graticule line bits, and glitch bits. 

U18B gates alphanumeric and timing-diagram data. It 
also gates the information for the trigger line tics when 
HTLIN (High Trigger Line) goes high during a timing 
diagram. 

U18C gates the graticule lines on timing diagrams. 
U49C blanks graticule dots that occur within the time 
segment where a data dot is presented. This prevents 
excessive brightening of a single dot. 

U18A gates glitch information and the expand 
indicator. It prevents double brightening when a glitch 
occurs within the brightened expand indicator. U47A 
NORs the expand indicator with the data line to restrict 
the expand indicator to that part of the trace which also 
includes data. 
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Model 1615A 


Contrast H21 is adjusted for the best contrast between Xbe HVSY (High Vertical Sync) pulse is generated on 
data, graticule, and glitch information. assembly A6. It is supplied to display driver A13 where 

it initiates vertical sweep. 


SIGNATURE ANALYSIS FOR SCHEMATIC IOC. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 


signify the DSA setup to use when observing the signa¬ 
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE¬ 
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 


DSA SETUP A. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re¬ 
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5U1 
pin 15. 

d. Connect signature analyzer stop line to A5U1 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5U11 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 


START. 1 

STOP. J 

CLOCK. 1 


Signatures for DSA Setup A (Schematic 10C) 


Pin 

Signature 

Pin 

Signature 

VH A6U1-24 

C690 

VH A6U19-12 

AHA3 

A6U19-4 

FHPA 

A6U33-2 

C43H 

A6U19-6 

57CA 

A6U33-5 

C6P3 

A6U19-10 

08F5 

A6U33-11 

FA2P 


DSA SETUP D. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5U11 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer c lock line to pin 18 
of A5U11. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 


START. J 

STOP. J 

CLOCK. T 


Signatures for DSA Setup D (Schematic 10C) 


Pin 

Signature 

VH A6U1-24 
A6U7-1 

0001 

755P 
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